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NOTES  ON  THE  CRANIOMETRY  OF  SOME  OF  THE 
OUTCASTE  TRIBES  OF  THE  PANJAB.  By  R. 
Havelook  Chart.es,M.D.,  M.Ch.,F.R.C.S.I.,F.Z.S.,fifurgreo7i 
Bengal  Medical  Service,  Professor  of  Anatomy  and  Com- 
parative Aruitomy,  Medical  College,  Lahore;  8v/rgeon, 
Mayo  Hospital,  Lahore;  FeUoto  of  the  Panjab  University. 

It  is  evident  that  there  is  ample  field  for  research  in  the  deter- 
mination of  the  race  differences  of  the  people  in  a  country  such 
as  the  Panjab,  which  has  been  overrun  by  wave  after  wave  of 
invasion — ^by  the  Aryan  and  Scythian  hordes,  the  armies  of 
Alexander,  the  throngs  of  Musalmdn  intruders  (successively 
under  Kultugh,  Taimur,  Nadir  and  Ahmad  Shah),  and  the 
multitudes  that  came  under  Babar  and  Humdyiin—- each  acting 
and  reacting  upon  the  others.  There  has  thus  been  brought 
about  such  a  diversity  in  the  inhabitants  of  the  province,  as 
imagination  can  conjecture,  would  be  caused  by  so  many  con- 
vulsive throbs  of  conquest  and  devastation. 

The  following  tables  are  drawn  from  the  measurement  of  fifty 
skulls  which  I  collected  in  the  Comparative  Anatomy  Museum 
of  this  College.  With  reference  to  the  castes  to  which  their 
owners  in  life  belonged — Chiihra  and  Chamdr — ^I  have  made 
some  remarks,  for  which  I  am  in  a  great  measure  indebted 
to  that  most  valuable  and  interesting  work  by  Mr  Denzil 
Ibbetson,  C.S.,  The  Panjab  Cefosus  Report,  1881.  This,  although 
an  Official  Report,  reads  like  a  novel,  and  is  filled  with  matter 
of  great  ethnological  importance.  The  skulls  I  measured  were 
taken  mostly  from  patients  who,  having  died  in  the  Mayo 
Hospital,  Central  Jail,  or  Lunatic  Asylum,  Lahore,  were  received 
for  dissection  in  the  Anatomical  Department  of  the  Medical 
College. 
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2  PROFESSOR  R.  HAVELOCK  CHARLEa 

The  sex  is  authentic,  and  the  ages  are  approximately  correct 
They  are  grouped  into  castes,  Musalm^  and  Hindoo;  but 
these  divisions  are,  as  far  as  the  skulls  in  question  are  concerned, 
religious,  and  not  tribal.  Craniometry  has  got  of  course  to  do 
with  the  former  and  not  the  latter.  I  have  therefore  subdivided 
these  divisions  again  into  ChamAr  and  Chiihra,  and  MusahnAn. 
The  skulls  are,  in  my  opinion,  from  individuals  of  aboriginal  as 
distinguished  from  Aryan  progeny,  with  the  exception  of  certain 
megacephalic  examples  (No&  4,  IS,  23,  24,  25,  26,  28,  33,  35) 
amongst  the  thirty-six  Mahomedan  male  types.  It  is  possible 
that  these  may  have  derived  their  descent  from  the  more  recent 
Musalmdn  invaders,  coming  by  way  of  the  north-west  frontier, 
and  would  therefore  be  distinct  from  the  Aiyan  possessors  on 
the  one  hand  and  the  aboriginal  dispossessed  on  the  other. 

I  may  say  that,  saving  some  Musalmdn  bodies,  all  those 
received  in  the  dissecting-room  are  the  corpses  of  Chamto  or 
Chtihras,  whether  these,  when  enjoying  the  vital  breezes,  called 
themselves  Sikh,  Hindoo,  or  MusalmAn.     That  is,  they  come 
from  the  outcaste  tribes  who  are  considered  to  be  almost  certainly 
aboriginal,  though   there  is  little  doubt  that  the  aboriginal 
nucleus  has  received  additions,  from  other  sources,  of  those  who 
have  gradually  sunk  in  the  scale  of  occupation,  or  have  in  any 
way  been  degraded  to  the  lowest  level.    Mr  Ibbetson  says, 
regarding  these  outcaste  tribes :  ''  A  more  accurate  knowledge  of 
their  practices  could  hardly  £eu1  to  be  of  the  greatest  possible 
assistance  in  the  attempt  to  separate  the  aboriginal  from  the 
Aryan  element  in  the  current  form  of  Hinduism,  and  to  supply 
us  with  a  most  valuable  standard  by  which  to  detect  aboriginal 
survivals  in  the  customs  of  tribes  which  now  claim  Aryan 
descent."    I  am  hopeful  that  the  points  brought  out  in  the 
tables  regarding  the  craniometry  may  prove  useful  in  the  re- 
solution of  the  ethnic  position  of  the  tribes  in  question.    The 
determination  of  this,  by  the  study  of  the  customs  alone  of  these 
tribes,  is  beset  with  many  difficulties,  not  only  from  the  extreme 
intricacy  of  these,  for,  as  Mr  Ibbetson  says,  "  to  their  own  peculiar 
customs  many  of  them  have  now  added  others,  not  only  taken 
from  different  religions,  but  often  varying  from  place  to  place 
and  even  fr*om  village  to  village  in  the  same  district,  according 
to  the  religion  of  the  villagers  whom  they  serve."    The  connec- 
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tion  between  these  castes  that  form  the  village  menials  (Chamdr 
and  Chtihra,  and  the  agricultural  communities  whom  they  serve 
was,  in  old  times,  hereditary  and  not  voluntaiy — a  condition 
comparable  to  that  of  the  Canaanite  bondsmen  to  the  Israelite 
conquerors,  who  turned  them  into  hewers  of  wood  and  drawers 
of  water.  The  result  of  this  continual  selection  and  appropria- 
tion from  the  beliefs  and  customs  of  their  masters,  is  an 
extraordinary  medley  of  religious  and  semi-religious  observances. 
"  Those  who  have  become  Sikhs  or  Musalmdns  usually  observe 
the  precepts  of  their  new  faith  with  considerable  strictness,  and, 
though  this  does  not  always  avail  them  against  the  extension  to 
religious  matters  of  the  social  exclusiveness  which  is  so  abnor- 
mally strong  in  India,  yet  the  Mahomedans  generally,  and  the 
Sikhs  in  some  respects,  are  less  particular  in  the  matter  than 
the  Hindoos  themselves." 

Chamiis,  or  workers  in  leather,  are  looked  on  as  unclean  by 
Hindoos,  because  they  use  as  food  the  flesh  of  the  Sacred  Cow, 
and  they  devour  also  the  bodies  of  animals  that  have  passed 
away  from  natural  causea  They  work  in  leather,  which  is  an 
unclean  pursuit.  The  Sikhs,  who  reverence  the  cow  even  more 
than  the  Hindoos,  detest  them  also  for  the  same  reasons,  but 
the  Mahomedans  admit  Mochis,  who  are  only  Musalmdn 
Chamdrs,  to  common  devotions.  Those  Chamdrs  who  have  not 
been  thus  converted  are  practically  Hindooa  They  have  no 
special  god,  but  worship  the  ordinary  deities,  especially  the  minor 
ones,  and  ofier  at  the  ordinary  Hindoo  shrines.  The  Brdhmans 
who  act  the  part  of  priests  to  them  get  the  name  of  Chamarwa. 
They  wear  the  sacred  thread ;  but  true  Brahmins  consider  them 
polluted,  and  regard  them  as  unclean.  The  Chamarwa  will 
not,  however,  eat  with  their  clients,  but  they  preside  at  their 
marriage  festivities,  at  which  they  carry  out  the  Hindoo  ritual. 
The  Cham&rs  dispose  of  their  dead  in  divers  ways.  In  Ragpu- 
tffioa  burial  is  the  custom.  In  the  Panjab  they  generally 
cremate.  ''In  Sirsa  and  Hissar  they  follow  either  custom 
indifferently,  even  in  the  same  family.  But  whether  buried  or 
burnt,  the  pk&l  (if  cremated,  the  ashes  and  usual  small  bones ; 
if  buried,  the  nails  of  the  fingers  and  toes)  are  taken  to  the 
Ganges  for  final  disposal."  The  Chamdrs  do  not  believe  in 
transmigration.    The  course  is  direct — ^the  good  to  heaven,  the 
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bad  to  hell.  There  is  a  pathos  in  the  lament  of  their  funeral 
processions — "  then  the  men  with  a  loud  voice  mourn  and  say, 
"  Til  hi  hai  !  Tainne  paida  kia,  aur  Tainne  Mdria  "  (There 
is  but  Thou!  Thou  hast  given,  and  Thou  hast  taken  away). 
Some  Chamdrs,  having  abandoned  leather  working  and  be- 
come weavers,  have  been  admitted  to  communion  by  the  regular 
Sikhs,  whose  habits  and  observances  they  follow  with  exactitude. 
The  Ohiihras  (scavengers)  are  regarded  by  Sikh,  Hindu,  and 
Musalmdn  alike  as  utterly  polluted,  because  they  remove  night- 
soil  and  eat  carrion  and  vermin  and  the  leavings  of  other  people. 
Mr  Ibbetson  considers  that  the  religion  of  the  Chiihras  (of  those 
not  converted  from  the  faith  of  their  fathers)  as  to  doctrine 
bears  a  resemblance  to  Christianity — ^a  closer  one  than  that 
of  any  other  in  India.  "They  worship  one  supreme  being, 
without  form  or  habitation,  and  believe  that  the  good  go  to 
heaven  as  soon  as  they  die,  while  the  bad  pass  into  punishment, 
but  for  a  while  only."  They  always  bury  their  dead.  The 
corpse  is  placed  with  mouth  downwards,  so  that  the  ghost  may 
not  escape  and  walk  the  earth,  the  ghost  of  a  sweeper  being 
regarded  by  the  peasantry  generally  as  the  most  evil-working 
and  harmful  of  spirits.  "  Their  customs  as  to  marriage  appar- 
ently often  vary  with  the  religion  of  the  villagers  whom  they 
serve  rather  than  with  their  own,  Hindu  Chamirs  following 
the  Mahomedan  rites  in  a  Mahomedan  village,  and  vice 
versa,  a  Mahomedan  Chiihra  in  the  one  case,  and  a  Chiihra 
Brdhman  on  the  other,  being  called  to  officiate.  The  Sikh 
Chiihras  are  known  as  Mazbi,  and  are  said  to  be  followers  of 
the  Chiihra,  who  brought  away  the  pieces  of  the  corpse  of  Guru 
Teg  Bahadur  after  he  had  been  executed  at  Delhi.  They  take 
the  pdhul,  abstain  from  tobacco,  wear  long  hair,  and  are  fairly 
strict  Sikhs  so  far  as  observances  go.  But  they  are  kept 
at  a  distance  by  the  regular  Sikhs.  Some  of  them  have 
abandoned  scavengeriug  and  taken  to  leather  work,  and  are 
known  as  Rangretas,  and  considered  as  of  a  higher  order  than 
the  ordinary  Mazbi."  ^  The  Musalmin  Chiihras  are  divided  into 
two  classes:  first,  those  who,  refusing  to  remove  night-soil, 
having  abandoned  their  hereditary  occupation  as  to  its  un- 
savoury branches,  restrict  themselves  to  pure  food,  and  observe 

1  From  the  Mazbis  are  now  drawn  recraits  for  the  Panjab  Pioneer  regiments. 
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the  ordinances  of  their  faith.  Secondly,  those  who  have  made 
no  such  change.  The  former  are  generally  admitted  to  the  rites 
of  their  religion  by  the  other  Musalmdns,  the  latter  are  generally 
excluded,  but  may  be  admitted  to  terms  of  equality  even  by 
Mahomedan  Rajputs,  while  in  some  places  not  only  the  latter 
but  also  the  former  are  looked  on  as  irrevocably  unclean.  There 
is  much  diversity  of  practice,  and  the  line  is  diflBcult  to  draw." 

Though  caste  is  generally  thought  immutable,  it  is  by  no 
means  in  reality  so.  This  is  to  be  borne  in  mind  when  directing 
one  s  atttention  to  the  megacephalic  skulls  already  mentioned. 
It  is  possible  even  in  India,  as  in  Europe,  for  individuals  to  rise 
or  &11  in  caste.  For  instance,  one  Chamdr  takes  to  weaving, 
dropping  leather  work.  He  becomes  a  ChAmar- JulAha ;  pre- 
sently he  will  be  a  JuMha  pure  and  simple ;  another  does  the 
same,  and  becomes  a  Bangreta  or  a  Biinia.  A  Chiihra  refuses 
to  touch  night-soil,  and  becomes  a  Musalli  or  a  Eutdna. 
The  same  process  occurs  amongst  the  higher  Hindu  castes. 
Amongst  Musalmdns  the  like  happens,  as  the  sarcasm  of  the 
proverb — "  Last  year  I  was  a  Sweeper,  this  year  I  am  a  Shekh, 
next  year,  if  prices  rise,  I  shall  be  a  Saiyad  " — shows  the  process 
that  is  going  on  daily.  As  there  is  a  progress  of  evolution  of  the 
lower  to  the  higher,  there  is  also  a  process  of  degradation  from 
the  higher  to  the  lower.  I  am  inclined  to  think  that  the  micro- 
cephalic skulls  are  probably  aboriginal,  and  the  megacephalic 
are  not  so.  For  purposes  of  comparison  I  have  grouped  together 
tables  of  measurements  of  English,  Chinese,  Negro,  Australian, 
Andaman  Islander,  and  Mongolian  skulls  (taken  from  9th  ed. 
Quain's  Anatomy,  vol.  i)  with  those  measurements  of  the 
crania  that  I  have  examined.  These  latter  I  have  subdivided 
into  forty-one  skulls  partaking  of  characters  in  common,  and 
nine  skulls  quite  different  in  type,  and  bearing  a  close  re- 
semblance as  to  cranial  capacity,  &c.,  to  those  of  European 
nationality. 

The  methods  of  measurement  and  classification  which  I  have 
employed  are  those  which  were  used  by  Professor  Flower,  C.B., 
in  the  preparation  of  his  Catalogvbe  of  the  Crania  in  the 
Musewm  of  the  Royal  College  of  Surgeons  of  England}  and 
which  are  fully  explained  in  that  well-known  work. 

1  London,  1879. 
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In  the  tables  appended  to  this  paper  the  upper  row  of 
numerals  opposite  each  specimen  express  the  measurements  in 
millimetres;  those  in  the  lower  row  are  the  equivalents  in 
English  inches. 

The  skulls  are  numbered  1  to  50,  with  caste  (M  =  MusalmAn,  H  =■ 
Hindoo)  following.  Sex  and  age  are  also  denoted.  All  are  adult 
skulls.  All,  save  those  numbered  4,  13,  23,  24,  25,  26,  28,  33,  and 
35,  may  be  regarded  as  of  typical  representatives  of  the  skulls  of 
members  of  the  outcaste  tribes  (Chamir  and  Ch6hra).  Those  num- 
bered 4,  13,  23,  24,  25,  26,  28,  33,  35  are  the  skulls  of  Panjabi 
Musalmdns,  who,  by  degradation,  have  gravitated  amongst  the  out- 
castes  socially,  but  tribally  are  not  connected  with  them. 

The  average  Chdhra  skull  (41  skulls)  has  a  cranial  capacity  of 
1303  C.C.,  is  dolichocephalic  (70),  orthognathous  (83),  mesorhine  (50), 
and  mesoseme  (88). 

The  average  Panjabi  Musalmdn  skull  (9  skulls)  has  a  cranial 
capacity  of  1511  c.a,  is  dolichocephalic  (70),  orthognathous  (90), 
leptorhine  (47),  and  mesoseme  (89). 


Certain  points  of  interest  are  noted  as  regarde 

1.  Condition  of  Sutures. — In  64  per  cent.  Wormian  bones  were 
found  in  the  lambdoid,  sagittal,  frontal,  or  petro-sphenoid.  sutures. 
In  32  per  cent,  epipteric  bones  were  present.  The  number  of  the 
Wormian  bones  in  any  skull  varied  from  1  to  14.  The  size  of  the 
bones  varied  from  ^  inch  or  larger  to  1|  inch.  Frontal  or  metopic 
suture  was  persistent  in  8  per  cent  These  were  the  skulls  of  criminals 
received  from  the  Central  Jail.  It  will  be  noted  that  in  not  a  few 
instances  the  lambdoid  suture  was  very  complicated,  while  the 
coronary  and  sagittal  were  simple. 

2.  Condition  of  Glabella. — In  60  per  cent,  it  was  either  prominent 
or  very  prominent ;  in  40  per  cent,  it  was  flat  or  depressed. 

3.  Condition  of  Inion. — In  34  per  cent  it  was  very  small,  flat,  or 
absent 

4.  Condition  of  Jugular  Foramina. — In  82  per  cent,  the  right  was 
larger  than  the  left,  frequently  twice  or  thrice  as  large.  In  8  per 
cent  the  left  was  larger  than  the  right ;  in  one  instance  double  the 
size.  In  10  per  cent  both  foramina  were  equal  in  size.  Intra- 
jugular  processes  were  sometimes  present,  oftener  absent ;  when  pre- 
sent, most  often  found  i  aly  on  one  side,  and  that  the  left. 

5.  Post-Condyloid  Foramina. — In  54  per  cent,  only  were  both 
present  in  the  same  skull.  In  14  per  cent,  both  were  absent.  It 
was  noted  that  the  size  or  presence  of  the  foramina  seemed  to  bear  a 
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relation  to  the  large  or  small  size  of  the  jugular  foramina.  When 
the  jugular  foramen  was  smaller  than  usual  on  one  side,  the  post- 
oond jloid  foramina  on  same  side  was  larger. 

6.  ParieUd  Foramina. — Absent  on  both  sides  in  38  per  cent ; 
present  on  both  sides  in  28  per  cent 

7.  Size  of  Pterion — Parieto-spkenaidal  Suture. — In  32  per  cent 
epipteric  bones  were  present,  which  in  some  cases  encroached  on  the 
length  of  the  parieto-sphenoidal  suture ;  in  other  cases  separated  the 
parietal  entirely  from  the  great  wing  of  sphenoid.  These  points  and 
the  measurements  of  the  pterion  on  both  sides  are  noted. 

8.  The  Par-Occipital  Process  was  large  or  prominent  in  66  per 
cent 
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Table  I.— MEASUREMENTS 

The  upper  row  of  Jigurm  appertainitig  to  each  fJcvll  gives  the  Tneamtrement 
and  35,  being  those  of  Panjahi  Mvsalmdvs ;  the 
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OF  FIFTY  ADULT  SKULLS. 


in  millimetres ;   the  lower  row  in  i-nchea  (Nos.  4, 13,  23,  24,  25,  26,  28,  33, 
remainder  of  meinhers  of  outcast  tribes  proper). 


"" 

'■" 

~ 

... 

'rei^ 

"iii'lett  Linib~\ 

a^ii 

i 

^~ 

Ht~ 

na 

w 

4-.  inrighl 

=d>iS 

0. 

u. 

"g- 

LunMold. 

f 

1 

|S|4 

|ll:s 

}! 

l»-l 

ail 

... 

.„ 

... 

... 

Fall  md 
roDBd. 

'Lamb,  and  Sm 

=11^ 

'A" 

*A' 

7S1 

M 

iflrnpUuHid  1  1 

D. 

O. 

**■ 

Mg. 

IT.  Jurt  ibOTB 

In  fnntil 

i^;; 

1 

intun. 

1 

1 

ill! 

10  FBOFESSOB  B.   HAVELOCK  CHABLES. 

Table  I.- 


CBANIOHET&T  OF  01TTCASTE  TBIBES. 


li^llll 


PROFESSOB  R.   HAVELOCE  CHARLES. 


CRAJSIOKBTRY  OF  OnTCASTB  TBIBES. 


■*• 

^A" 

W 

D. 

x. 

Sl-S 

88 

"■» 

sL 

j^W-  ' 

1^1  |l 

-■.  *  i^h 

^ 

i 

m 

'A' 

1M< 

4r 

47-« 

e» 

M« 

r 

«■ 

r»t 

FoU. 

ss 

Ill 

D. 

O. 

M. 

He. 

i«tirobbt8r. 

^1 

it 

i  i^.  i 
£  «  J  a 

»i 

lM-» 

»-l 

... 

... 

... 

... 

FbU. 

Lunbdoldotmi- 
plkmediiusi 

;%  L 

■y 

*H" 

►At" 

« 

N-4 

w.  (rxnin 

D. 

H. 

>l«. 

Umbda.iSig. 

^  ^ 

■DdLimMold 

jwtly  owner- 

tiii  p 

■"         i 

1 

n^f 

iH 

111-7 

in-s 

... 

... 

... 

... 

•XT 

St(.  obutented 
■InputCo- 

ti 

t 

'V 

Hi- 

»A" 

ea 

84 

™ 

Sag. 

-•  s  s 

0. 

1- 

Mi. 

CreM: 

■.:!» 

SL' 

i 

1 

j 

P      1 

Wit 

la-i 

130-1 

FnH 

UmbdoM  com- 

A- 

W 

>A" 

M« 

loo 

H. 

U. 

S) 

,,, 

PBt    oWiter- 
■(ad  ;  Sag.  ob- 

i 

uunwd,ud 

i  -J 

»,„.      ( 

i:-rt 

DM 

Hl-7 

Tnnina 

Sag.  oomple* 

r^-^i 

^ 

'A' 

►A" 

►A" 

ri-j 

»* 

4, 

»!-« 

n-i 

wWt 

behind,  bnl       g 

l.f 

J 

M. 

L. 

Kg. 

L^b!'oS.     i 
Mutiery         E 

Cor.  complex    f 

i 

ft-. 

Ml 

W4 

■»-« 

Fallud 

Cor.iDdLuib. 

Ui     t 

*M«. 

obUtemUd, 

'A- 

r 

*A" 

IM 

MI 

81'S 

)t« 

MTS  lower  ei- 

|J     '^ 

J>. 

IIL 

treiDlUM  L., 
which  m          j 

^ 

S  s 

£    d    J     1 

r 

1 

IK     -f 

PROFESSOB  B.  HAVBLOCK  CBABLBS. 


Ill"    ti"      111      lft|'     i|"      H"      H"      uf     HI" 


CIUNIOXETBT  OP  OUTCASTS  TRIBES. 


i 

f 

U 

1 

SM 

1M4 

in-1 

... 

... 

... 

... 

Foil: 

Cor.  dmpM  i 

'A- 

w 

W 

«7» 

M-4 

Us. 

tut. 

1 

h 

i 

H 

s!"-) 

■:0 

1 

:•! 

1 

r 

PKOFBSSOB  B.   HATELOCE  CHABLE8. 


CRAMIOHETBT  OF  OUTCASTB  TBIBES. 


. 

*A' 

»ft' 

IM 

TM 

1» 

74 

(Kill  muiree 

111 

0. 

H. 

ii«. 

i 

t 

Is 

1 

! 

i 

w 

«#» 

1K-* 

Full  ud 

Car  .DdA  t 

Ik- 

•A" 

•A" 

n 

B> 

48'4 

n-s 

« 

sffL,-, 

1 

D. 

11. 

He. 

-ell 

s 

1 

1 

n 

Il 

jtj 

£ 

i 

niJ 

dJ 

i  J 

TH 

utt 

«* 

.. 

... 

... 

... 

S>g.  ridge 

jmml- 

ComplenCOT.Cet 

<= 

*■ 

mr 

»A" 

«»* 

Ml 

441 

campleiXusb- 

1 

L. 

BR. 

deXI  10  w.  in 

ffiri-i?. 

:| 

1 

la  H.  C*  w- 

\ 

a 

tnUL.' 

j 

1 

fl 

If 

Ik 

' 

d 

BJJ 

EJ.J 

i!    J 

Ml 

mt 

Ull 

... 

■" 

Wlde. 

Stopta. 

:l 

'tr 

lA- 

*A" 

«»s 

Mi 

TN 

,1 

D. 

0. 

M«. 

! 

1 

II 

1 

S 

«-i 

m-7 

iip-i 

WWe. 

Lo       Cor 

'A- 

W 

»A" 

;!■• 

M-1 

tat 

n 

719 

ImgulM. 

B?ii.ri,» 

II 

1-  V 

3  a 

D. 

O 

K. 

Ml. 

elmnle:  LuLb- 

dold  Terr  <^o1°' 

ru-'.::i: 

: 

a 

i 

1 

T 

LI 

I VI. 

(». 

3.  V 

OL. 

VI. 

B 

PROFES80B  B.  HAVXLOCE  CHAKLES. 


CBiJflOXBrBT  OF  OUTCASTI  TRIBES. 


FBOFESSOB  B.   HATELOCK  CHABLES. 


a. 

H. 

nr 

m 

«i" 

ll" 

1*1" 

4" 

if 

4|" 

11" 

If 

»|- 

♦tr 

<H" 

«H" 

4A" 

lii-i 

KB-B 

878 

ItB'S 

»S-l 

sM-e 

lM-3 

IM-S 

1U« 

ti 

H. 

F. 

171- 

wi 

»t" 

10|- 

1*1- 

Jl" 

tv 

4|' 

lll- 

111" 

»r- 

*H" 

nr 

*H" 

4if 

ITJ-S 

H3'S 

111* 

w» 

ni-t 

itf-g 

117fl 

« 

f. 

IS|" 

l«l" 

Sf 

loi- 

at" 

H" 

41' 

*r 

W^" 

lit" 

H" 

nr 

HI" 

Hr 

*f." 

Wl'l 

106  1 

til 

nt 

Jt7 

IMt 

» 

r. 

»  171  " 

jsr 

si- 

101" 

m- 

6" 

H" 

41" 

lor 

*M" 

4H 

i^ 

*A" 

CBANIOMETBT  OF  OUTCASTE  TRIBES. 


PROFESSOR  S.   HAVBLOCK  CHABLES. 


CaiSIOMETBT  DF  OnTCASTZ  TEIBES. 


24 


PROFESSOR  R.  HAVELOCE  CHARIiES. 


I 


1 


I 


3       S 


S 


SS 


S      S 


s 


g 


s 


3 


S 


S 


e 


9       S 


S     S     I     3      :     S 


a 
S 

I 

a 

< 


g 
f. 

I 

So 

si 

Jo 

Pi 


5  ® 


ii      111 


&5 


^s 

Mo 


CRANIOUETBT  OF  OUTCASTE  TKIBE8. 


1 

ii 


^::  fij:  ll: 

Sx3>*     tz"  ^Z"' 

14."  ii-  W 

%".  Im  ir 


If.:  U. 


'I 
I 


if.'  Lic-  ii". 


kl'i. 

III! 


p==  fl,,  If,, 

'iVi   'sis     '««i 
6i"     |»"       |5" 


i|       ll        d 


1      =1 


I' 


THE  AIR-BLADDER  AND  EAR  OF  BRITISH  CLUPEOID 
FISHES.    By  W.  G.  Ridewood,  B.Sc.,  F.Z.a 

Notwithstanding  tlie  lengthy  descriptions  of  the  air-bladder 
and  the  ear  of  Clupeoid  fishes  given  by  Weber,  Breschet,  Hasse, 
Retzius  and  others,  our  information  on  this  subject  is  singularly 
fragmentary,  and  no  apology  is  therefore  necessary  in  present- 
ing a  short  and  connected  account  of  the  comparative  anatomy 
of  these  organs  in  the  six  species  of  Clupeoid  fishes  found  around 
the  British  coast,  viz.,  the  five  British  ^ecies  of  Clupea, — the 
Herring  (C  harengvs,  L.),  the  Pilchard  (C  pilchardvs,  Walb.), 
the  Sprat  (C,  sprattus,  L.),  the  Allis  Shad  (0.  aloaa,  L.),  the 
Thwaite  {Cfirvta,  Cuv.),  and  the  Anchovy  {Engravlia  encrasi- 
ckolus,  Cuv.), — which  has  been  shown  by  Cunningham,^  Wemyss 
Fulton,^  and  others,  to  be  a  constant  inhabitant  of  the  British 
seas,  although  in  numbers  so  variable  and  quality  so  poor  that 
its  capture  does  not  form  a  recognised  branch  of  British  fishing 
industry. 

A  very  complete  and  accurate  account  of  the  air-bladder  and  ear  of 
the  Herring  was  written  by  Weber'  in  1820,  accompanied  by  most 
excellent  figures,  and  it  is  from  this  source  that  the  text-book  descrip- 
tions are,  apparently  without  exception,  derived. 

Breschet,^  in  1838,  gave  a  detailed  and  illustrated  account  of  the 
ear  of  Clupea  cdoBo^^  and  a  cursory  description  with  an  indifferent 
figure  of  the  air-bladder.  As  will  be  seen  in  the  sequel,  several  of  his 
determinations  must  be  rejected. 

Hasse^  also,  in  1873,  published  an  illustrated  account  of  the  swim- 
bladder  and  ear  of  the  Herring  in  his  paper  on  the  swim-bladder  of 
fishes. 

A  very  detailed  description  of  the  membranous  labyrinth  of  the  ear 
of  the  Herring,  illustrated  by  three  greatly  enlarged  figures,  was  fur- 
nished by  Eetzius^  in  1881,  in  his  monograph  on  the  ear  of  Verte- 
brata,  while  several  good  figures  of  the  skull  of  the  Herring,  with 

^  Jour,  Marine  Biol.  Assoc, ,  voL  l  No.  3,  p.  828  et  seq. 
^  JUpL  FiaK  Bd,  Scot,,  1890,  p.  351. 

*  De  Awre  et  Auditu  Hominis  et  Animalium,  Lipsie,  1820. 

*  Becherehes  sicr  Vorgcaie  de  Vouii  dea  Poissons,  Paris,  1836. 

*  See  p.  80. 

*  Anaiomische  Studien,  pp.  588-^10. 

'  Daa  Oehororgan  der  WirbeUhierCf  Stockholm,  1881,  vol.  L  p.  82,  and  taf.  xiv. 
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detailed  descriptions,  have  heeaa.  published  by  Duncan  Matthews,^ 
which  serve  to  show  the  relations  which  the  anterior  vesicles  of  the 
air-bladder  bear  to  the  cranial  bones. 

Beyond  the  above  papers  oar  information  on  this  subject  is  of  the 
-most  scanty  description,  consisting  chiefly  of  passing  allusions  to  these 
organs  in  the  Clupeoids,  in  accounts  of  the  osteology,  sense-organs, 
and  viscera  of  Teleostean  fishes  generally. ' 

The  Air-bladder  or  Swira-Uadder* 

The  body  of  the  air-bladder  in  the  six  Clupeoid  fishes  ex- 
amined is  elongated,  and  extends  the  whole  length  of  the  post- 
pericardiac  ca^lom;  its  walk  are  smooth,  thin,  and  of  a  silvery 
white  colour.  This  silvery  hue  is  most  brilliant  in  the  Herring 
and  Sprat,  it  is  somewhat  duller  in  the  Pilchard,  while  in  the 
Thwaite  and  Allis  Shads,  and  in  the  Anchovy,  the  lustre  is  very 
considerably  less ;  the  silveiy  colour  is,  moreover,  limited  to  the 
body  of  the  air-bladder,  and  is  not  continued  on  to  the  two 
caDals  into  which  it  branches  anteriorly,  nor  to  the  ductus  pneu- 
maticus,  and  in  the  Sprat  only,  of  the  forms  examined,  is  it  con- 
tinued to  the  extreme  posterior  end  of  the  air-bladder  in  the 
region  of  the  anus.  As  might  be  expected,  the  silvery  lustre 
diminishes  on  inflating  the  air-bladder. 

The  middle  portion  of  the  air-bladder  is  apparently  much 
more  distensible  than  the  ends.  This  is  especially  noticeable 
at  the  anterior  end,  which  has  the  form  of  a  cylindrical  tube  of 
less  diameter  than  the  middle  portion  of  the  air-bladder,  the 
transition  being  often  abrupt  and  conspicuous.  The  length  of 
this  anterior  non-distensible  portion  is  not  constant  even  in  the 
same  species,  but  the  limits  within  which  the  variation  takes 
place  are  fairly  constant. 

In  the  species  of  Clupea  examined  this  anterior  tubular  por- 
tion, about  one-eighth  or  one-tenth  of  the  length  of  the  ooelom, 
differs  firom  the  more  distensible  part  of  the  air-bladder  only  in 
diameter,  the  general  appearance  and  histological  structure  being 
the  same  in  the  two ;  but  in  the  Anchovy  the  portion  below  the 
3rd  to  the  7th  vertebras  is  very  narrow,  firm,  and  somewhat 
rigid,  the  lumen  is  extremely  small,  and  the  general  characters 
resemble  very  closely  those  of  the  two  air-ducts  into  which 
this  tube  branches  anteriorly.    The  transition  from  this  to  the 

^  BepL  Fish.  Bd,  Seat,  1884,  Appendix,  p.  55. 
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succeeding  portion  of  the  air-bladder  is  veiy  sudden.  It  is 
preferable,  however,  to  regard  this  tube  in  the  Anchovy  as  an 
elongation  of  the  median  cartilaginous  structure  formed  by  the 
confluence  posteriorly  of  the  paired  air-ducts  rather  than  as  a 
modification  of  the  anterior  tubular  non-distensible  portion  of 
the  coelomic  air-bladder  with  which  its  position  would  render  it 
comparable. 

The  ccelomic  portion  of  the  air-bladder  lies  on  the  dorsal  side 
of  the  body  cavity  in  the  median  line,  between  the  kidneys ;  the 
middle  and  posterior  parts  lie  slightly  below,  but  the  anterior 
fifth  or  sixth  rather  above  the  level  of  the  kidneys. 

The  Ductus  Pmev/mcUicua. 

The  coelomic  portion  of  the  air-bladder  is  in  communication 
with  the  posterior  tapering  end  of  the  cardiac  portion  of  the 
stomach^  by  the  ductus  pnev/maticue,  which  opens  into  the 
air-bladder  by  a  longitudinally  oval  aperture,  situated  in  the 
ventral  median  line  at  about  the  middle,  or  somewhat  behind 
the  middle,  of  its  length,  opening  slightly  more  anteriorly  in 
the  young  than  in  the  adult. 

The  ductus  pneumaticus  passes  up  between  the  two  genera- 
tive glands  and  behind  the  spermatic  or  ovarian  arteriea 

If  traced  from  the  stomach  to  the  bladder,  it  is  seen  to 
become  gradually  thinner,  and  runs  first  backwards,  then  for- 
wards, and  finally  for  a  very  short  distance  upwards.  Very 
firequently  it  is  convoluted  in  a  more  or  less  spiral  manner. 
The  ductus  pneumaticus  is  an  open  communication  between 
the  stomach  and  air-bladder;  it  usually  contains  a  quantity 
of  mucus,  but,  by  taking  due  precautions  and  thoroughly  irri- 
gating the  interior  of  the  stomach,  coloured  injection  media  can 
be  passed  without  fail  from  the  one  to  the  other. 

The  ductus  pneumaticus  is  relatively  longer  in  the  adult 
Herring  than  in  the  young ;  it  is  relatively  shorter  and  broader 
in  the  Sprat  and  the  Thwaite  Shad  than  in  the  Herring.  In  the 
Thwaite  Shad  it  is  ^  inch  in  diameter  in  its  narrowest  part. 

^  ProfesRor  Huxley  (Natu/ret  April  28,  1881,  p.  608)  regards  this  oecal  portion 
of  the  gut  as  a  Crop;  Breschet  (loe.  cU,)  speaks  of  it  as  the  (Ewphagus;  while 
Cleland  {Memoirs  and  Memoranda  in  Anatomy,  London  and  Glasgow,  1889, 
YoL  L  p.  171)  throws  out  a  suggestion  that  this  so-called  stomach  of  the  Herring 
is  really  a  backward  prolongation  of  the  Pharynx, . 
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The  Posterior  Opening. 

The  air-bladder  of  the  Herring  was  shown  by  Weber/  in  1820, 
to  open  directly  on  to  the  exterior  by  a  small  aperture  lying  to 
the  left  side  of  the  ''ostium  genitale."  This  interesting  fact 
was,  however,  apparently  lost  sight  of,  being  only  mentioned 
once^  in  subsequent  publications,  until  in  1880  it  was  redis- 
covered by  Bennett* 

Couch,^  writing  in  1865,  may  have  been  aware  of  the  presence 
of  this  posterior  opening  of  the  air-bladder,  but  he  certainly 
does  not  make  the  fact  clear  in  his  context.  On  page  107  he 
says,  in  a  short  description  of  the  air-bladder  of  the  Herring : 
**  Posteriorly  it  reaches  close  to  the  vent."  No  one  would  infer 
from  this  sentence  that  the  air-bladder  opened  posteriorly  on  to 
the  exterior;  but  yet  a  reference  to  such  an  opening  might 
possibly  be  implied  in  his  description  of  the  Allis  Shad  on  page 
117 :  "  The  air-bladder  is  long  and  slender,  and  the  tube  which 
connects  it  with  the  vent  is  even  more  slight  than  in  the 
Herring." 

This  direct  communication  between  the  air-bladder  and  the 
exterior  is  present  in  the  Herring,  Pilchard,  Sprat,^  Allis  Shad,  and 
the  Anchovy;  and  in  these  the  relations  of  the  posterior  end 
of  the  air-bladder  to  the  surrounding  parts  are  fairly  constant. 

There  is  a  shallow  longitudinal  depression,  in  fact,  a  sort  of 
cloaca^  into  which  the  three  ducts — the  anal,  genital,  and  urinary 
»open ;  for  even  in  the  male,  where  the  genital  duct  opens  on 
the  same  papilla  as  the  ureter,  there  are  two  distinct  apertures, 
separated  by  a  slight  ridge  or  fold.  The  urinary  papilla,  or  the 
urinogenital  papilla,  according  to  the  sex,  stands  out  in  the 
middle  of  this  cloaca,  and  projects  very  slightly  on  the  ventral 
surfSEU^e  of  the  animal 


^  Loe.  eiL,  p.  78. 

*  By  Raihke,  in  1824,  Neuede  SehrifUn  der  Naiurf,  GeseUsehctft  in  Danzig, 
Bd.  L  Heft  8,  p.  04. 

*  J€ur,  Anal,  and  Fhya.,  1880,  p.  405. 

*  Hittory  of  FUknuf  British  Islands,  yoL  it. 

■  F.  Day  (BrUish  Fishes,  1880-84,  plate  cxzxir.  fig.  2a)  figures  the  air-bladder 
of  the  Sprat  as  tapering  posteriorly  to  a  point;  bat  in  the  Zoologist,  1882,  p.  24, 
he  admits  this  error  by  describing  "a  posterior  opening  into  the  progenital  canal " 
in  both  the  Pilchard  and  Sprat,  as  in  the  Herring. 
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The  posterior  end  of  the  air-bladder,  except  in  the  Sprat,  is 
destitute  of  the  silvery  pigment  so  characteristic  of  the  main 
body  of  the  air-bladder,  and  it  does  not  lie  freely  in  the  coelomic 
cavity,  but  is  buried  up  between  the  most  posterior  portions  of 
the  genital  and  urinary  ducts  and  the  body-wall  of  the  left  side. 
This  portion  of  the  air-bladder  is  |  to  ^  inch  in  length,  and 
opens  on  the  left  side  of  the  cloacal  depression,  usually  by  the 
side  of  the  genital  duct,  being  thus  posterior  to  the  anus,  but 
anterior  to  the  urinary  aperture. 

The  exact  position  may  vary  slightly  in  different  specimens. 
Bennett '  describes  some  exceptional  arrangements  of  the  four 
openings  into  the  cloaca  in  the  Herring. 

In  the  Sprat  the  posterior  end  of  the  air-bladder  is  silvery, 
even  up  to  its  external  aperture,  and  its  course  is  therefore  more 
easily  traced  than  in  the  other  forma 

In  the  Thwaite  Shad  a  different  state  of  things  obtains,  for  the 
air-bladder  tapers  posteriorly  to  a  point,  and  does  not  open  on 
to  the  exterior.  This  posterior  termination  is  situated  antero- 
ventrally  to  the  vesicle  formed  by  the  confluence  of  the  posterior 
ends  of  the  two  ureters,  and  there  is  no  indication  of  a  flexure 
to  the  left  as  in  other  species ;  the  pointed  extremity,  moreover, 
does  not  differ  in  colour  or  texture  from  the  main  abdominal 
portion  of  the  air-bladder,  and  it  is  but  loosely  held  in  the  con- 
nective tissue  surrounding  the  posterior  portions  of  the  rectum 
and  the  genital  and  urinary  ducts. 

Breschet,*  in  his  description  of  the  air-bladder  of  the  Shad, 
says — "Son  extr^mit^  post^rieure  se  termine  en  une  pointe 
extrSmement  aigue  au  dessus  du  cloaque."  This  anatomi- 
cal fact,  coupled  with  the  small  number  and  the  shortness  of 
the  gill-rakers  seen  in  his  figure,^  shows  conclusively  that 
the  specimen  here  described  is  what  is  now  known  as  the 
Thwaite  Shad,  for  the  Shad  originally  described  as  Clupea 
alosa  by  LinnsBUS  was  the  one  with  stout  gill-rakers,  i,e*^  the 
Thwaite.* 

^  LoceU.  »  Xoc  cit,  p.  18.  »  PL  IV,  fig.  (1). 

^  For  the  explanation  of  the  fact  that  tha  name  Clupea  alatOf  L.,  ia  now  applied 
to  the  Shad  with  many  long;  gilL-rakers,  sm  GUnther,  BrU.  Mua.  Cat,  (^'Fithn^ 
YoL  tIL  p.  484k 
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The  Air-DtieUJ^ 

The  anterior  end  of  the  coelomic  air-bladder  in  the  Herring 
divides  just  beMnd  the  two  great  wings  of  the  parasphenoid 
into  two  very  thin  tubes,  of  a  consistency  described  by  Breschet 
and  others  as  cartilaginous,  and  with  an  extremely  narrow 
lumen.  These  run  forwards  on  the  right  and  left  sides  of  the 
parasphenoidal  wings  m  a  slightly  upward  and  outward  direc- 
tion, and  are  continued  forwards  through  the  ezoccipital  bone. 
These  tubes  are  the  "canaliculi  pellucidi"  of  Weber,*  and  the 
trompes  cystiques"  of  Breschet.* 

These  ducts  are  not  strictly  circular  in  section,  but  rather 
oval,  and  measure  about  '12  inch  in  diameter. 

The  extreme  anterior  end  of  the  ccelomic  air-bladder  partakes 
of  the  same  cartilaginous  nature  as  the  ducts,  and  so  the  latter 
may  be  said  to  unite  with  one  another  behind,  and  to  open  back- 
wards into  the  air-bladder  by  a  single  apertura 

This  median  cartilaginous  extremity  of  the  abdominal  air- 
bladder  is  very  short  in  the  species  of  Clupea  examined,  but,  as 
already  mentioned,  it  is  represented  in  the  Anchovy  by  a  delicate 
tube,  about  ^  inch  in  length,  and  but  slightly  greater  in  dia- 
meter than  the  paired  air-ducts.  The  transition  between  this' 
me(fian  air-duct  and  the  air-bladder  behind  it  is  veiy  sudden. 

The  air-ducts  are  tubular,  although  the  lumen  is  extremely 
small,  and  very  finely-divided  indigo  suspended  in  water  can  be 
passed  firom  the  air-bladder  to  the  air-vesicles  in  the  Herring 
and  Pilchard  at  least. 

The  late  Duncan  Matthews  also  demonstrated  the  tubular 
nature  of  the  air-ducts  in  the  Herring  a  few  years  ago,  by 
cutting  a  series  of  sections  along  their  whole  length. 

Valenciennes  was,  therefore,  not  justified  in  asserting  so 
positively  that  these  air-ducts  are  simply  ligaments  attaching 
the  anterior  end  of  the  air-bladder  to  the  skull. 

In  his  description  of  the  Herring  he  states^ — ''Je  me  suis 

*  This  DAine  is  only  provisional,  and  is  intended  to  designate  the  extent  of  the 
paired  cartilaginous  tubes  as  far  forwards  as  their  bifurcation  at  the  triradiate 
suture  between  the  pro^otic,  pterotic  and  exoccipitaL 

' Loc  eU.,  p.  20.  *  Loe.  ciL,  p.  13. 

*  MisU  Jfat,  d€9  Foimnu,  voL  xz.  p.  40. 


32 


MR  W.  G.  RIDEWOOD. 


assur6  par  des  sections  r6p6t^es  et  par  Texamen  microscopique 
que  cette  bride  est  pleine.  ....  J'insiste  avec  beaucoap  de 
soin  sur  la  nature  de  cette  bride,  parce  que  presque  tous  les 
anatomistes  se  sent  tromp^s  sur  ce  ligament ;"  and  again  on  the 
same  page — ''  II  ne  pent  done  rester  de  doute  k  cet  ^gard,  ces 
brides  ne  sent  pas  des  tubes  creux." 

The  air-duct  of  each  side  passes  forwards,  and  slightly  out- 
wards and  upwards,  and  after  running  a  short  distance  in  a 
grooTe  in  the  exoccipital  bone,  penetrates  the  latter  at  a  point 
situated  immediately  behind  the  fenestration  between  the 
exoccipital  and  basioccipital,  known  as  the  auditory  fenestra. 
In  the  Herring,  about  two-thirds  of  the  duct  is  thus  enclosed  in 
bone. 

The  bony  envelope  of  both  the  duct  and  its  vesicles  invests 
these  appendages  of  the  air-bladder  very  closely,  and  the  layer  of 
bone  in  contact  with  the  latter  is  denser  and  harder  than  the 
rest,  so  that  it  is  possible,  by  carefully  breaking  away  the  softer 
bone,  to  obtain  a  bony  counterpart  of  the  vesicles  and  tubes  con- 
tained within  it. 

There  is,  however,  no  intimate  connection  between  the  walls 
of  these  appendages  of  the  air-bladder  and  their  bony  envelopes, 
the  two  being  readily  separated  by  breaking  off  the  bone. 


B 
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Outline  figures  of  the  bony  envelopes  of  the  air-vesioles  and  ducts  of  the  left 
side.     Ventro-lateral  view: — 

A.  ClupeaharenguSfL,,      .  .  x3 

B.  ,,       cUosa^  L., xSJ 

0.       „      pUeharduSf  Walb.,      .        .  x8| 

D.  Engraidia  encrasicholus^  Cuy. ,        .        .  x  4^ 

£.  Clupea  gprathu,  L.,        .        .        .        .  x  8} 

The  air-duct  does  not  penetrate  any  bone  but  the  exoccipital ; 
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it  bifurcates  anteriorly  at  the  suture  between  the  latter  and 
the  pro-otic.  The  bony  exoccipital  tube,  in  which  its  anterior 
end  runs,  is  continued  behind  for  a  short  distance  as  a  groove 
opening  downwards  and  inwards. 

In  the  Herring  the  air-duct  is  dilated  within  the  exoccipital 
to  form  a  fusiform  chamber,  the  greatest  diameter  of  which  is 
approximately  in  the  middle  of  that  portion  enclosed  in  the 
bone. 

In  the  Pilchard  the  air-ducts  are  longer  and  thinner  than 
those  of  the  Herring ;  they  run  forwards  horizontally,  and  then 
bend  somewhat  abruptly  outwards  and  upwards,  whereas  those 
of  the  Herring  have  a  more  uniform  forward,  outward,  and 
upward  course. 

The  anterior  end,  enclosed  in  bone,  is  slightly  dilated  and 
fusiform  in  shape,  but  does  not  attain  to  such  a  size  as  in  the 
Herring ;  moreover,  this  dilatation  in  the  Pilchard  is  very  vari- 
able, being  hardly  recognisable  in  some  specimens. 

In  the  Sprat  the  air-ducts  are  relatively  longer  and  thinner 
than  in  the  Herring,  and  their  course  is  considerably  more 
vertical ;  there  is  no  trace  of  any  enlargement  corresponding  to 
the  fusiform  chamber  of  the  Herring. 

In  the  Anchovy,  also,  there  is  no  dilatation  of  the  air-ducts. 
They  are  a  quarter  of  an  inch  in  length,  and  are  extremely  thin ; 
they  run  forward  in  a  horizontal  direction,  and  are  parallel, 
except  at  the  anterior  end,  where  they  diverge  somewhat  as 
they  penetrate  the  exoccipital. 

In  the  Allis  Shad  the  ducts  are  nearly  straight,  but  in  the 
Thwaite  they  are  markedly  angulate,  running  first  forward  and 
then  bending  suddenly  upwards. 

The  lumen  of  these  ducts  is  very  narrow,  but  increases 
suddenly  and  abruptly  near  the  anterior  end  by  the  thinning 
of  the  wall  without  affecting  the  external  appearance  of  the 
duct,  so  that  it  is  only  by  injection  that  this  fact  can  be 
demonstrated. 

This  enlargement  of  the  cavity  of  the  duct  evidently  repre- 
sents the  fusiform  chamber  of  the  Herring,  but  it  is  important 
to  note  that  there  is  no  corresponding  enlargement  of  the  bony 
tube. 

VOL.  XXVL  (N.S.  vol.  VI.)  C 
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The  Air-Vesicles. 

In  the  Herring,  the  air-duct  of  each  side  divides  at  the  anterior 
edge  of  the  exoccipital  into  two  tubes,  one  of  which  runs  for- 
wards in  a  horizontal  direction,  and  opens  into  the  anterior 
vesicle^  while  the  other  runs  outwards  and  slightly  upwards  to 
communicate  in  a  similar  manner  with  the  posterior  vesicle.  The 
anterior  vesicle  is  considerably  larger  than  the  posterior,  and  is 
nearly  spherical  m  shape :  but  it  is  flattened  on  the  upper  side, 
where  the  csecal  process  of  the  membranous  vestibule  of  the  ear 
touches  it.  The  walls  of  the  vesicle  are  thin  and  silvery,  and 
are  readily  separated  into  their  two  constituent  membranes. 

The  stalk  of  this  vesicle  is  conical,  the  narrower  end  being 
posterior;  it  communicates  with  the  vesicle  on  the  postero- 
ventral  surface  of  the  latter. 

The  second  or  posterior  vesicle  is  ellipsoidal,  the  long  axis 
being  vertical ;  its  duct  is  very  short  and  conical,  and  its  wider 
end  arises  from  the  ventro-intemal  region  of  the  vesicle. 

The  anterior  vesicle  and  its  duct  lie  embedded  in  the  pro- 
otic  bone,  the  posterior  and  its  short  duct  in  the  pterotic,  while 
the  anterior  portion  of  the  common  air-duct,  with  its  fusiform 
swelling,  passes  through  the  exoccipital,  and  the  shape  of  the 
whole  of  this  system  is  faithfully  reproduced  by  the  dense  layer 
of  bone  immediately  surrounding  it. 

The  bony  bulla  surrounding  the  anterior  vesicle  projects  on 
both  the  external  and  internal  (cerebral)  surfaces  of  the  pro- 
otic  bone,  it  is  very  nearly  spherical,  and  has  on  its  internal 
(upper)  surface  an  oblique  pyriform  opening,  through  which  the 
diverticulum  of  the  vestibule  passes.  This  latter  dilates  imme- 
diately inside  the  bony  bulla  into  a  plano-convex  chamber,  the 
convex  side  being  applied  to  the  inner  surface  of  the  bone, 
while  the  flat  side  is  closely  applied  to  a  corresponding  flatten- 
ing of  the  anterior  air-vesicle  occupjdng  the  remaining  five- 
sixths  of  the  bulla. 

In  a  fresh  skull,  i.e,,  one  which  has  not  been  macerated  nor 
allowed  to  dry,  the  silvery  colour  of  the  air-vesicle  can  be  seen 
through  the  semi-transparent  bone;  and  the  extent  of  the 
vestibular  diverticulum  can  also  be  seen  without  breaking  open 
the  bony  capsule,  since  its  walls  are  yellower  in  colour  than 
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thoee  of  the  air-vesicle,  and  the  position  of  the  septum  between 
the  two  is  marked  by  a  fiunt  line  running  in  a  circular  manner 
around  the  slit-shaped  aperture  of  the  bony  capsule. 

The  sutures  between  the  pro-otic,  pterotic,  and  exoccipital 
meet  in  a  point,  and,  strangely  enough,  the  short  tubular  stalks 
of  the  air-vesicles  and  their  common  duct  meet  at  this  same 
point,  and  bisect  the  angles  formed  by  the  sutures. 

Since  these  sutures  remain  cartilaginous  and  the  bony  tubes 
enveloping  the  ducts  get  very  narrow  at  the  point  of  union,  it 
is  extremely  difficult  to  isolate  this  system  of  bony  capsules 
in  its  entirety. 

The  posterior  vesicle  is  not  in  any  intimate  connection 
with  the  membranous  labyrinth,  but  it  lies  within  the  loop  of 
the  external  or  horizontal  semicircular  canal,  the  course  of 
which  can  be  readily  traced  around  the  bony  envelope  of  the 
vesicle  by  dissecting  the  dried  skull. 

The  vesicular  stalks  are  shorter  and  the  vesicles  consequently 
closer  together  in  the  young  than  in  the  adult. 

In  the  Pilchard,  as  in  the  Herring,  the  position  of  both  air- 
vesicles  can  be  recognised  in  the  dry  skull,  but  the  bony  envelope 
of  the  anterior  vesicle  is  less  prominent  on  the  under  side  of 
the  skull,  while  on  the  upper  aspect  of  the  skull  the  exposed 
part  of  the  bony  capsule  of  the  posterior  vesicle  is  of  consider- 
ably greater  extent  and  of  less  curvature  than  in  the  Herring. 

The  ducts  of  the  air-vesicles  are  of  more  uniform  calibre  than 
in  the  Herring,  being  cylindrical  rather  than  conical. 

The  anterior  air-vesicle,  instead  of  being  spherical,  is  greatly 
elongated  transversely,  the  diameter  from  right  to  left  being 
about  twice  as  long  as  the  antero-posterior  diameter.  The 
vesicle,  also,  is  slightly  narrower  at  its  inner  than  its  outer  end, 
and  the  duct,  which  arises  from  its  posterior  surface  at  nearly  the 
middle  of  its  transverse  length,  runs  backwards,  and  not  postero- 
extemally  as  it  does  in  the  Herring,  to  join  the  common  air-duct 
(see  fig.  C,  page  32). 

The  relations  of  the  vestibular  csecum  and  the  pjrriform  slit 
on  the  dorso-posterior  side  of  the  bony  envelope  of  the  anterior 
vesicle  are  the  same  as  in  the  Herring.  The  posterior  air- 
vesicle,  as  mentioned  by  Matthews,^  is  partially  divided  into 

^  Loc  ciL,  p.  2d8. 
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two  chambers,  a  large  upper  and  a  smaller  lower  one.  The 
duct  springs  from  the  ventral  end  of  the  lower  chamber,  and 
runs  horizontally  inwaids  to  join  the  common  duct 

The  horizontal  semicircular  canal  of  the  ear  runs  in  the 
constriction  which  separates  the  upper  and  lower  chambers. 

The  upper  chamber  is  sub-spherical,  and  lies  above  and 
slightly  internal  and  posterior  to  the  lower. 

On  the  antero-intemal  surface  of  its  bony  envelope  is  a  small 
perforation,  with  a  distinct  smooth  circular  edge.  This  perfora- 
tion is  situated  in  the  middle  of  the  anterior  vertical  semi- 
circular canal,  and  reminds  one  forcibly  of  the  crescentic  slit 
in  the  anterior  bony  capsule;  but  it  is  not  traversed  by  any 
process  of  the  membranous  labyrinth,  neither  is  the  wall  of  the 
air-vesicle  itself  at  all  modified  in  the  vicinity  of  the  perforation. 

It  is,  nevertheless,  very  interesting,  as  furnishing  a  means  of 
putting  the  wall  of  the  air-bladder  in  direct  communication 
with  the  cranial  cavity. 

In  the  Sprat  the  bony  capsule  of  the  anterior  air- vesicle  is 
very  prominent  in  the  dried  skull,  more  so  than  in  the  Herring ; 
it  is  sub-spherical,  as  in  the  latter,  but  is  larger  in  proportion 
to  the  size  of  the  skull. 

The  dorso-posterior  aperture  through  which  the  vestibular 
caecum  passes  is  shorter  transversely  than  in  the  other  forms 
examined,  and  is  guarded  by  very  prominent  lips. 

The  duct  of  the  vesicle  arises  from  its  posterior  end  and  runs 
straight  backwards^  and  becomes  continuous  with  what  corre- 
sponds to  the  common  air-duct  of  the  other  forms. 

The  second  or  posterior  vesicle  is  absent,  and  Matthews^ 
utilises  this  feature  as  one  of  the  means  of  distinguishing  Sprats 
from  young  Herrings. 

In  the  Anchovy  both  of  the  vesicles  are  present,  and  are  very 
large  in  proportion  to  the  size  of  the  skull.  Portions  of  both  of 
the  bony  capsules  of  these  vesicles  are  visible  on  the  surface  of 
the  dried  skull. 

The  anterior  vesicle  resembles  that  of  the  Pilchard  in  being 
elongated  transversely  to  the  long  axis  of  the  body,  but  this 
elongation  has  gone  on  even  farther  than  in  the  Pilchard,  so  that 
the  right  and  left  vesicles  nearly  meet  in  the  middle  line.     The 

^  B^,  Fish.  Bd,  Scot,,  1884,  p.  55,  Appendices,  and  PI  III.  figs.  3,  4,  5. 
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long  axis  of  this  vesicle  is  not  strictly  transverse,  but  the  outer 
end  is  somewhat  anterior  to  that  nearer  ihe  middle  line  of  the 
body  (see  fig.  D,  page  32).  The  duct  of  the  vesicle  is  of  very 
large  calibre ;  it  runs  backwards  fix)m  the  middle  of  the  hinder 
surface  of  the  vesicle,  and  unites  with  the  duct  from  the  posterior 
vesicle,  to  form  the  common  duct  which  tapers  rapidly  down  to 
a  very  fine  tube  running  backwards  and  inwards  through  the 
exoccipital  bone,  from  which  it  emerges  behind  and  runs  paiallel 
to  the  vertebral  column  for  a  distance  of  a  quarter  of  an  inch 
before  uniting  with  its  fellow  of  the  opposite  side. 

The  posterior  vesicle,  although  very  large,  differs  from  that  of 
the  Pilchard  in  not  being  constricted  into  an  upper  and  a  lower 
portion.  In  shape  it  more  resembles  the  posterior  vesicle  of  the 
Herring,  but  the  duct  is  wider,  and  there  is  also  a  slight  flatten- 
ing on  the  antero-intemal  surface. 

In  the  AUis  Shad  (see  fig.  B,  page  32)  the  anterior  vesicle  is 
much  larger  than  the  posterior ;  it  is  elongated  transversely,  and 
its  duct  arises  behind,  and  externally  to  the  middle  of  its  trans- 
verse length,  and  not  near  the  middle  as  it  does  in  the  Pilchard 
and  Anchovy;  the  vertical  diameter,  also,  is  greater  near  the 
internal  than  at  the  external  end. 

The  transverse  slit  on  the  dorsal  surface  of  the  bony  capsule 
in  which  this  vesicle  lies  is  elongated  and  nearly  straight. 

The  posterior  vesicle  is  small  and  not  distinctly  marked  off 
from  its  duct,  which  is  conical,  the  broad  end  being  external 
and  opening  upwards  and  outwards  into  the  vesicle. 

In  the  Thwaite  the  features  of  the  air- vesicles  and  their  ducts 
are  very  similar  to  those  of  the  Allis  Shad,  and  a  detailed 
description  is  therefore  unnecessary.  Among  the  sligl^t  differ- 
ences which  do  exist  may  be  mentioned  the  greater  elongation 
transversely  of  the  posterior  vesicle  and  its  slightly  smaller  size 
in  the  Thwaite  than  in  the  Allis  Shad. 

Breschet^  gives  a  figure  of  the  bony  envelopes  of  the  Thwaite* 
which  exhibits  this  inequality  in  the  size  of  the  anterior  and 
posterior  vesicles,  but  the  anterior  is  represented  as  being  nearly 
spherical,  and  the  stalk  of  the  posterior  is  unnaturally  short. 
Both  of  these  details  point  to  the  conclusion  that  the  specimen 
here  figured  was  not  ftiUy  grown. 

1  Loe.  eit.,  pi.  iy.  fig.  8.  '  See  p.  80. 
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TheEa/r. 

The  membranous  labyrinth  of  the  Herring  consists  of  a  sacculus 
and  a  utriculus,  with  three  semicircular  canals  arising  from  the 
latter. 

The  sacculus  is  elongated  and  ellipsoidal  in  shape,  and  slopes 
downwards  and  inwards  from  the  utriculus.  The  ductus  endo- 
lymphaticus  arises  on  the  inner  or  cerebral  surface,  and  runs 
upwards  in  the  thickened  fibrous  dura  mater;  and  Hasse  ^  states 
that  it  arches  over  in  the  very  conspicuous  thickening  of  the 
dv/ra  on  the  upper  side  of  the  cranial  cavity,  behind  the  cere- 
bellum, and  unites  with  the  corresponding  ductus  of  the  oppo- 
site side,  thus  forming  an  open  communication  between  the 
two  sacculea  Retzius  inclined  to  the  belief  that  the  ductus 
endolymphaticus  ends  blindly  above  as  in  other  Teleosteans. 
The  sacculus  contains  a  very  large  otolith,  the  sagitta,  and 
terminates  postero-dorsally  in  a  lagena  cochleae  with  an  otolith, 
the  asteriscus.  The  ventro-extemal  sur&ce  of  the  sacculus  lies 
over  a  membranous  fenestra  of  the  skull-wall,  situated  between 
the  exoccipital,  basioccipital,  and  pro-otic  bones,  and  described 
by  several  authors  as  a  foramen  ovale ;  the  sacculus-wall  is  here 
separated  from  the  mucous  membrane  of  the  mouth  by  this 
membrane  only. 

Retzius  ^  describes,  with  a  certain  amount  of  reserve,  a  small 
opening — a  canalis  utriculo-saccularis — ^by  which  the  sacculus 
is  in  communication  with  the  utriculus;  but  all  doubts  as  to 
the  existence  of  this  aperture  may  be  dispelled  by  the  fact  that 
the  sacculus  can  be  injected  from  the  utriculus  by  it 

The  utriculus,  lying  above  the  sacculus,  is  produced  anteriorly 
into  a  recessus  utriculi,  from  which  arise  the  ampullate  ends  of 
the  anterior  vertical  and  the  horizontal  semicircular  canals. 
The  latter  canal  runs  around  the  second  air- vesicle  of  the  swim- 
bladder  in  the  pterotic  bone ;  the  former  is  mainly  enclosed  in 
cartilage,  and,  uniting  above  with  the  upper  end  of  the  posterior 
vertical  semicircular  canal,  descends  to  the  utriculus  as  the 
median  sinus  or  sinus  utriculi  superior,  which  lies  free  at  the 
side  of  the  cranial  cavity.    The  posterior  vertical  semicircular 

^  Anaiomiache  Studien,  1878,  bd.  1,  Heft  4,  pp.  588-610. 

'  Das  Oehdrorgan  der  Wirbelthiere,  Stockholm,  1881,  yoI  i  p.  88. 
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canal  rans  through  the  exoccipital,  snpraoccipital,  and  epiotic 
bones;  its  posterior  end  is  dilated  into  an  ampulla,  and  its 
upper  end  opens,  as  before  mentioned,  into  the  upper  end  of  the 
median  sinua  Breschet  ^  has  described  and  figured  in  the  Shad 
a  "  commissure  auditive  sup^rieure  "  passing  across  in  the  down- 
growth  of  the  dura  mater  behind  the  cerebellum,  and  imme* 
diately  in  firont  of  the  horizontal  suture  between  the  supra* 
occipital  and  exoccipital  bones,  and  putting  the  upper  ends  of 
the  two  median  sinuses  into  open  communication.  It  will  thus 
be  seen  that  the  middle  part  of  this  transverse  canal  has  exactly 
the  same  position  as  that  described  by  Hasse ;  but  Breschet's 
canal  is  inserted  near  the  top  of  the  median  sinus  of  each  side, 
while  Hasse's  canal  runs  down  to  the  sacculus.  On  opening 
the  fresh  head  there  certainly  appears  to  be  a  canal  arching  over 
from  one  median  sinus  to  the  other,  and  having  the  same  colour 
as  the  semicircular  canals ;  but  on  dissecting  out  the  labyrinth, 
the  supposed  supracerebral  canal  can  be  removed  without  leaving 
a  scar.  Weber  makes  no  mention  of  any  supracerebral  canal, 
and  Betzius  acknowledges  his  inability  to  recognise  either 
Breschet's  or  Hasse's  superior  commissure.  In  only  three  cases 
(two  Pilchards  and  one  Herring),  out  of  about  forty  injections, 
have  I  been  able  to  pass  coloured  medium  into  this  supra- 
cerebral canal.  In  these  cases  the  canal  appeared  to  conform  to 
Breschet's  description  rather  than  that  of  Hasse's ;  but  unfor- 
tunately these  three  injections  cannot  be  regarded  as  conclusive, 
since  the  medium  may  have  escaped  from  the  labyrinth  into  the 
perilymphatic  space& 

Benewed  investigations,  devoted  to  the  elucidation  of  this 
one  point,  are  necessary  to  decide  whether  this  supracerebral 
canal  contains  endolymph  and  opens  into  the  interior  of  the 
membranous  labyrinth  of  each  side,  and  if  so,  whether  it  is  a 
constant  feature  or  only  occurs  occasionally  as  an  individual 
variation,  or  whether  it  contains  perilymph  and  only  becomes 
injected  by  the  rupture  of  the  wall  of  the  labjrrinth  or  some 
similar  mishap. 

The  recessus  utriculi  sends  antero-ventrally  a  blind  caecum, 
which  passes  through  the  dorso-posterior  aperture  in  the  bony 
capsule  of  the  anterior  air-vesicle,  situated  immediately  below 

^  lUehsrehes  mr  Vorgane  de  VouiS  des  Poi88ons»    Paris,  1888,  p.  17. 
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the  recessus,  and  dilates  suddenly  into  a  convexo-plane  chamber, 
the  convex  surface  of  which  is  closely  applied  to  the  bony  wall 
of  the  capsule,  the  flat  surface  being  in  close  contact  with  a 
corresponding  flattening  of  the  anterior  air- vesicle  which  occu- 
pies the  remainder,  about  five-sixths  or  more,  of  the  bony  capsule, 
so  that  the  united  flat  walls  of  the  utricular  caecum  and  the 
air-vesicle  act  as  a  sort  of  tympanic  membrane,  through  whose 
agency  the  varying  degrees  of  pressure  of  the  gaseous  contents 
of  the  swim-bladder  and  of  the  viscid  endolymph  react  upon 
each  other. 

Coloured  injecting  medium  (e,g,,  finely-ground  indigo  or 
carmine  suspended  in  weak  gum-water),  passed  into  the  laby- 
rinth by  one  of  the  semicircular  canals,  can  frequently  be  made 
to  enter  this  caecum ;  but  as  the  neck  is  somewhat  small,  and 
there  is  no  means  of  escape  of  the  contained  endolymph,  success 
cannot  be  assured  in  every  experiment. 

Stannius,^  Owen,^  and  Qiinther*  give  short  descriptions  of 
this  caecum,  apparently  culled  from  Weber,  who  first  described 
it. 

Its  presence  is  contested  by  Hasse,  and  Retzius  apparently 
denies  its  existence.  Breschet  was  evidently  of  the  opinion  that 
this  utricular  caecum  did  not  enter  the  bony  capsule,  but  simply 
closed  over  the  aperture  on  its  dorso-posterior  sur&ce,  for  on 
p.  14  he  says,  "  Le  point  du  globe  osseux  qui  est  perc^  de  cet 
orifice  est  convert  par  une  partie  du  vestibule  membraneux  et 
par  des  filets  nerveux ;"  and  again  on  p.  17,  "  Sa  partie  ant^rieure 
repose  sur  le  globe  osseux  ant^rieur."  There  are  several  pas- 
sages in  the  Histoire  NatureUe  dea  Poiasons  denying  any  con- 
nection between  the  ear  and  air-bladder,  but  Valenciennes'  error 
was  due  in  a  great  measure  to  assuming,  in  the  first  instance, 
that  previous  anatomists  had  described  an  open  communication 
between  the  two  organs,  and  as  in  his  experiments  he  failed  to 
pass  injection  media  from  the  air-bladder  to  the  membranous 
labyrinth  or  the  cranial  cavity,  he  hastily  concluded  that  the 
previous  descriptions  were  incorrect.  Thus,  on  page  4,  vol.  xx., 
he  says,  referring  to  the  air-ducts  of  the  Herring,  "  Ce  sont  eux 

^  LehrbucJi  der  vergl.  Anatomies  1846-48,  vol.  ii.  p.  88. 
2  Comp.  Anat,  and  Phys.  of  FertebrcUa,  1866,  vol.  i.  p.  346. 
»  Study  of  Fishes,  Edin.  1880,  p.  117. 
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que  quelques  anatomistes  ont  pris  pour  des  tubes  de  communica- 
tion entre  la  vessie  a^riemie  et  Toreille  interne ; "  and  again  on 
page  40,  "  Presque  tous  les  anatomistes  se  sont  tromp6s  sur  ce 
ligament,  et  qu'ils  I'ont  consid6r^  comme  un  petit  canal  creux 
servant  k  ^tablir  une  communication  entre  la  vessie  a^rienne  et 
rint^eur  de  Toreille.  Je  me  suis  assur^  par  tous  les  moyens 
anatomiques  qui  pen  vent  £tre  employes,  que  cette  communication 
n'eziste  pas  plus  dans  le  Hareng  que  dans  la  Sardine  ou  dans 
I'Alose.  Aucune  injection  n'  a  pu  passer  de  la  vessie  dans  la 
botte  c^r^brale.  J'ai  ouvert  le  cr&ne  d'un  hareng,  et  le  sac  de 
Toreille  d'un  c6t^,  et  j'ai  enlev6  enti^rement  celui  de  I'autre 
cdt^.  J'ai  rempH  d'air  la  vessie  en  I'injectant  par  I'estomac. 
Pas  une  bulle  d'air  ne  s'est  6chapp^e  de  I'organe." 

On  the  external  surface  of  the  recessus  utriculii  arising  a 
short  distance  behind  the  caecum  just  described,  and  in  front  of 
the  ampulla  of  the  anterior  vertical  semicircular  canal,  is  a 
second  and  larger  csecum,  of  the  form  of  a  three-sided  pyramid, 
whose  apex  points  outwards  and  forwards,  and  the  anterior  face 
of  which  is  narrower  than  the  other  two.  This  chamber  lies 
between  the  anterior  and  posterior  vesicles,  and  partially  fills 
the  space  between  the  pro-otic,  pterotic,  sphenotic,  and  alisphe- 
noid  bones;  it  opens  into  the  recessus  by  a  relatively  large 
aperture,  and  is  readily  injected  from  the  utriculu& 

The  discovery  of  this  csecum  is  apparently  due  to  Breschet, 
who  includes  it  in  his  figure  of  the  membranous  labyrinth  of  the 
Thwaite,  and  calls  it  the  "  bulbe  accessoire,"  but  he  is  seriously 
in  error  in  regarding  it  as  a  rudiment  of  the  cochlea,  for  it  is 
situated  at  the  anterior  end  of  the  utriculus  instead  of  at  the 
posterior  end  of  the  sacculus,  and,  moreover,  the  lagena  cochleae 
is  present  in  the  Clupeoid  ear  in  its  normal  position. 

On  the  inner  side  of  the  recessus  utriculi,  opposite  the 
ampulla  of  the  anterior  vertical  semicircular  canal,  arises  a 
canal,  about  1  mm.  in  diameter,  which  runs  transversely  in  the 
dura  mater  under  the  brain,  and  forms  an  open  communication 
between  the  two  vestibules,  so  that  injection  mass  thrown  into 
the  semicircular  canal  of  one  ear  will  pass  across  to  the  ear  of 
the  opposite  side.  This  transverse  canal  lies  just  behind  the 
pituitary  fossa;  its  anterior  edge  is  nearly  straight,  but  the 
posterior  is  somewhat  irregular,  so  that  the  diameter  of  the  canal 
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varies  at  different  placea  This  duct  of  oommunication  of  the 
two  vestibules  was  first  discovered  by  Weber  in  the  Herring,  and 
was  afterwards  found  by  Breschet  in  the  Shad,  and  it  seems 
strange  that,  with  these  descriptions  before  them,  two  such 
careful  investigators  as  Hasse  and  Betzius  should  fail  to  re- 
cognise it. 

In  conclusion,  it  may  be  stated  that  the  above  remarks  on 
the  membranous  labyrinth  apply  more  especially  to  the  Herring 
and  Pilchard  \  the  Allis  and  Thwaite  Shads  were  also  examined 
and  found  to  be  similar,  but  the  Sprat  and  Anchovy  were  not 
examined,  on  account  of  the  practical  difficulties  in  the  way  of 
injecting  the  labyrinth,  without  which  no  definite  statement  can 
be  made  as  to  the  transverse  canals  and  utricular  caeca 
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THE  PECnNEUS  MUSCLE  AND  ITS  NERVE-SUPPLY. 
By  A.  M.  Patebson,  M.D.,  Professor  of  Anatomy  in  Uni- 
versity College,  Dundee. 

L  The  Pectineus  Musde. — One  of  the  chief  points  of  interest 
attaching  to  the  pectineus  is  the  tact  that  it  may  be  innervated 
by  two  morphologically  distinct  nerves,  the  anterior  crural  and 
obturator ;  and  also  from  a  third  source,  the  so-called  accessory 
obturator  nerva  It  is  a  matter  of  some  importance,  in  relation 
to  the  homologies  of  particular  muscles,  and  to  the  question  of 
the  constancy  of  the  nerve-supply  of  muscles  generally,  to 
attempt  an  explanation  of  this  peculiarity,  which,  among  the 
muscles  of  the  limbs,  is  only  shared  by  two  others;  the  brachicdis 
arUicus  (musculo-cutaneous  and  musculo-spiral),  and  the  biceps 
jlexoT  crwris  (1)  (internal  and  external  popliteal),  being  the 
only  other  muscles  supplied  by  both  dorsal  and  ventral  series 
of  nerves. 

The  human  pectineus  is  a  muscle  which  presents  few  abnor- 
malities, and  is  for  the  most  part  simple  in  its  character.  It 
occasionally  consists,  however,  of  two  incompletely  separated 
strata,  of  which  the  outer  is  supplied  by  the  anterior  crural, 
the  inner  by  the  obturator  nerve  (2).  Henle  (3),  indeed, 
describes  and  figures  the  origin  of  the  muscle  as  constantly 
occurring  from  two  separate  slips,  which  unite  together  before 
reaching  their  insertion.  He  gives  the  nerve-supply  of  the 
muscle  as  the  anterior  crural,  and  occasionally  the  obturator 
nerve. 

In  many  Mammals,  as  in  the  horse  (4),  the  muscle  is  divided 
into  two  parts,  separated  from  one  another  by  the  pubi-femoral 
ligament;  a  superficial  portion,  innervated  by  the  anterior 
crural  nerve,  and  regarded  as  homologous  with  the  human 
pectineus;  and  a  deeper  portion,  supplied  by  the  obturator 
nerve,  and  looked  upon  as  a  part  of  the  adductor  longus  muscle. 

In  Cryptclbranchus  Japonicvs,  moreover,  Humphry  (5)  de- 
scribes the  pectineus  as  "  separated  from  the  middle  or  adductor 
portion  of  its  stratum  by  a  p)*olongation  of  the  tendon  of  the 
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external  oblique,  which  extends  from  the  spine  of  the  pubes,  along 
the  anterior  margin  of  the  pubes  to  the  hip-joint."  He  regards 
the  muscle  as  forming  part  of  the  plantar  stratum  of  muscles, 
but^  at  the  same  time,  as  morphologically  continuous  with  the 
iliacus  intemus.     It  is  innervated  by  the  anterior  crural  nerve. 

Gadow,  in  his  admirable  memoir  on  the  muscles  of  the  hind 
limbs  of  reptiles  (6),  describes  with  the  greatest  clearness  the 
condition  of  the  muscle,  and  enters  fully  into  the  question  of  its 
homologies  in  Birds  and  Mammala  It  represents  apparently 
part  of  the  pyhi-ischichfemoralis  intemus^  a  large  muscle 
which  is  generally  divided  into  three  parts.  Two  of  these  parts, 
as  a  rule,  correspond  to  the  pectineus,  and  one  to  the  ilio-psoas. 
Considerable  differences,  however,  are  met  with  in  the  condition 
of  the  muscle,  and  in  its  innervation  in  the  different  groups  of 
Reptiles.  In  Crocodilia  the  two  parts  representing  the  pec- 
tineus are  innervated  by  the  obturator  nerve ;  the  part  homo- 
logous with  the  ilio-psoas  by  the  anterior  cruraL  In  Chdonia 
one  of  the  portions  homologous  with  the  pectineus  is  absent ;  the 
remaining  two  parts  of  the  muscle  are  both  supplied  by  the 
anterior  crural  nerve.  In  Sauria  the  entire  mass  is  supplied 
by  the  anterior  crural  nerve ;  but  the  arrangement  is  peculiar, 
and  throws  an  interesting  light  upon  the  matter  in  hand. 
Parts  I.  and  II.  (» pectineus)  are  supplied  by  the  anterior 
crural  nerve;  Part  III.  ( =  ilio-psoas)  "receives  a  small  nerve 
out  of  the  plexus  cruralis,  which  miay  separate  early  from  the 
anterior  crural  nerve,  as  in  Monitor;  or  it  may  separate  late, 
as  in  Cyclodvs,  in  which  case  it  comes  fi*om  the  obturator,  bvi 
before  its  passage  thro-ugh  the  foramen" 

Without  entering  further  into  the  question  of  the  homologies 
of  the  muscle,  there  appears  little  doubt  that  it  may  con- 
sist of  elements  belonging  to  two  separate  muscle-masses. 
On  the  one  hand,  it  is  to  be  associated  mainly  with  the  group 
of  (dorsal)  muscles  represented  in  man  by  the  iliacus,  sartorius, 
and  quadriceps  extensor,  both  in  morphological  position  and  in 
innervation.  On  the  other  hand,  the  occasional  appearance  of 
a  separate  deeper  layer,  and  the  occasional  innervation  of  the 
muscle  from  the  obturator  nerve,  the  constant  presence  of  two 
strata  in  certain  mammals  innervated  from  separate  sources, 
and  the  conditions  met  with  in  reptiles,  lead  one  to  infer  that 
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in  some  cases  there  is  included  within  the  pectineus  muscle  a  por- 
tion belonging  probably  to  another  and  morphologically  separate 
(yentral)  muscular  stratum. 

EL  The  Nerve-Supply  of  the  Pectineus, — If  this  inference  be 
a  correct  one,  the  explanation  becomes  possible  of  the  otherwise 
anomalous  fact  that  the  pectineus  receives  its  nerve-supply  from 
two  morphologically  distinct  nerves.  Each  supplies  that  portion 
of  the  muscle  with  which  it  is  phylogenetically  related,  the 
anterior  crural  supplying  the  constant  (dorsal)  part  of  the 
muscle,  the  obturator  being  the  nerve  for  the  occasional 
adductor  (ventral)  portion. 

The  matter,  however,  is  complicated  by  the  presence,  in  cer- 
tain cases,  of  the  accessory  obturator  nerve.  This  nerve  was 
first  described  by  Winslow  (7),  who  named  it  n,  acceaaoriua 
wnteriorie  crv/ralia.  Schmidt,  later,  described  it  in  great 
detail,  and  suggested  the  name  which  it  now  bears,  on  account 
of  the  &ict  that,  when  present,  it  invariably  communicates  with 
the  obturator  nerve.  It  was  found  by  Schmidt  (8)  in  four  or 
five  out  of  nine  or  ten  cases,  and  presented  variations  both  in 
origin  and  distribution.  In  five  figures  of  the  lumbar  plexus  the 
origin  of  the  nerve  is  shown;  in  three  cases  it  arose  from  the  third 
nei've,  and  in  two  from  the  third  and  fourth.  When  large  the 
nerve  supplied  the  usual  three  branches :  one  to  the  pectineus, 
one  to  the  hip-joint,  and  one  to  communicate  with  the  obturator 
nerve.  When  the  nerve  was  smaller  the  branch  to  the  pectineus 
was  absent.  (Schmidt  does  not  mention  by  what  nerve  the 
pectineus  was  supplied  in  these  cases.) 

Three  Cases  of  Accessory  Obtv/rator  Nerve. — Out  of  twenty 
subjects  which  I  have  recently  examined,  with  special  reference 
to  the  nerves  of  the  lower  extremity,  this  nerve  was  present  in 
three  cases — two  adults  and  one  foetus  of  eight  months.  In  all 
it  was  present  on  both  sides,  and  had  a  similar  origin  and  distri- 
bution. It  aix>se  (fig.,  Ace.  Obt.)  from  the  front  of  the  root  of 
the  anterior  crural  (A.c.),  which  was  derived  from  the  third 
lumbar  nerve,  and  was  behind  and  altogether  independent  of 
the  root  of  the  obturator  (Obt.)  springing  from  the  same  source. 
It  coursed  through  the  psoas  muscle  along  with,  but  easily 
separated  from,  the  obturator  nerve ;  after  emerging  from  the 
inner  border  of  the  muscle  it  passed  downwards  along  the  pelvic 
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brim,  beneath  the  external  iliac  veaaels,  and  leaving  the  obtu- 
rator nerve  it  entered  the  thigh  in  front  of  the  pubifl.     Here 
the  larger  part  of  the  nerve  supplied  the  pectineus  muscle 
along  its  outer  border;    one 
small  branch  entered  the  hip- 
joint,  and  another  communi- 
cated  beneath   the   pectineus 
with  the  superficial  part  of  the 
obturator  nerve. 
t-^  In   these    three    cases   the 

aecesaory  obturator  was  the 
only  nerve  to  the  pectineus. 
In  the  remaining  seventeen 
esses  the  muscle  was  suppUed 
by  the  anterior  crural,  and  in 
none  (although  the  point  was 
^  carefully  investigated)  was  the 

obturator  nerve  traced  into  it. 
In  several  cases  it  was  noticed 
that  the  branch  from  the  ante- 
^^  -^.       rior  crural  nerve  to  the  pecti- 

neus sprang   from   the   main 
trunk  within  the  abdomen,  and 
pursued  an  independent  course  beneath  the  large  vessels  into 
the  thigh. 

The  points  of  interest  associated  with  the  accessory  obtu- 
rator nerve  are — (1)  that  its  origin  is  more  closely  associated 
with  that  of  the  anterior  crural  than  that  of  the  obturator 
nerve ;  (2)  that  in  its  course  it  accompanies  the  obturator  nerve 
For  a  certain  distance,  and  then  enters  the  thigh  by  passing 
over  the  pubis ;  (3)  that  it  supplies  (a  portion  of)  the  pectineus 
i/n  place  of  the  anterior  crural  nerve. 

The  anterior  crural  and  obturator  nerves  are  morphologically 
distinct  and  separate,  both  in  origin  and  distribution.  In  their 
passage  to  the  lower  limb  they  are  separated  from  one  another 
by  the  interposition  of  the  pubic  bone,  just  as  the  sacral 
portion  of  the  lumbo-sacral  plexus  is  separated  from  both  of 
them  by  the  articulation  of  the  ilium  and  sacrum.  A  nerve, 
therefore,  which  passes  over  the  pubis  to  the  thigh  is  more 
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intimately  related  to  the  anterior  crural  than  to  the  obtarator 
nerve.  Moreover,  the  constant  (dorsal)  position  of  the  pectineus 
is  always  supplied  by  such  a  nerve,  either  directly  from  the 
anterior  crural  or  indirectly  from  the  accessory  obturator. 

m.  Condvsiona. — Taking  all  these  statements  into  account, 
one  is  led  to  conclude  that  the  term  dccesaory  obturator  is  a 
misnomer,  and  that  the  name  accessory  anterior  crural  would 
be  a  more  correct  designation,  on  the  ground  that  the  nerve  is 
really  a  detached  portion  of  the  anterior  crural  nerve.  (There 
is  nothing  significant  in  its  final  conmiunication  with  the 
obturator  nerve.  That,  on  the  other  hand,  is  rather  an  addi- 
tional reason  for  regarding  it  as  derived  from  the  anterior 
crural  nerve,  as  in  the  "  obturator  plexus "  there  is  a  constant 
anastomosis  between  these  two  nerves.) 

The  facts  adduced  seem  also  to  support  the  view  of  the 
innervation  of  muscles  generally  in  a  manner  which  is  really 
not  variable,  but  which  is  in  accordance  with  a  definite  mor- 
phological plan.  Such  a  muscle  as  the  pectineus,  which  may 
contain  elements  of  both  dorsal  and  ventral  muscular  strata, 
may  receive  two  different  nerve  supplies.  The  dorsal  stratum, 
constantly  present,  is  supplied  through  the  dorsal  nerve  trunk 
(anterior  crural  or  accessory  obturator);  the  ventral  stratum, 
when  present,  is  supplied  by  the  ventral  trunk  (obturator). 
The  absence  of  the  latter  nerve  seems  to  be  a  consequence  of 
the  absence  of  the  part  of  the  muscle  derived  originally  from 
the  stratum  innervated  through  the  medium  of  that  nerve. 
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SOME  VARIETIES  OF  THE  LAST  DOBSAL  AND 
FIRST  LUMBAR  NERVES.  By  Montagu  Griffin, 
Aasistamt  Demonstrdtor  of  Anatomy,  Trinity  College, 
Dublin, 

The  variations  which  occur  in  connection  with  the  distribution 
and  arrangement  of  the  last  dorsal  and  first  lumbar  nerves 
formed  one  of  the  subjects  which  were  recommended  last  year  by 
the  Anatomical  Society  for  collective  investigation  in  the  dif- 
ferent schools  of  Anatomy  throughout  the  country.  At  the 
request  of  Professor  Cunningham,  I  undertook  to  carry  out  this 
part  of  the  work  in  the  Anatomical  Department  of  Trinity 
College.  We  found,  as  indeed  we  had  anticipated,  that  the 
subject  was  not  one  which  lent  itself  readily  to  this  form  of 
investigation.  Its  pursuance  interfered  considerably  with  the 
routine  work  of  the  dissecting-room,  and  in  the  case  of  each 
nerve  five  diflferent  examinations  were  rendered  necessary  by 
changes  in  the  position  of  the  subject  and  the  very  different 
stages  in  the  dissection  of  the  back,  lower  limb,  and  abdomen  at 
which  the  nerves  were  exposed.  Further,  it  is  not  possible  to 
arrange  advantageously  the  results  obtained  in  tabular  form. 
The  return,  therefore,  which  I  have  submitted  to  the  Secretary 
of  the  Collective  Investigation  Committee  cannot  be  regarded 
as  giving  a  full  account  of  the  results  of  the  work,  and  as  certain 
of  these  in  a  somewhat  more  expanded  form  are  of  considerable 
interest  from  a  descriptive  point  of  view,  I  have  been  asked  by 
Professor  Cunningham  to  embody  them  in  the  present  paper. 

I  have  examined  the  nerves  in  question  in  fifty  subjects,  and  in 
seven  cases  I  was  permitted  to  trace  them  throughout  their  entire 
course  at  one  time  and  by  one  dissection.  In  the  majority  of 
cases,  however,  I  had  to  wait  until,  in  the  ordinary  course  of  the 
dissection  of  the  subject,  the  stage  at  which  the  nerves  are 
exposed  in  the  different  regions  were  reached.  I  know  that  my 
work  entailed  considerable  inconvenience  to  the  dissectors  of 
these  parts,  and  I  owe  to  these  gentlemen  mj^  best  thanks  for 
,the  ready  assistance  which  they  afforded  me. 


VARIETIES  OF  LAST  DORSAL  AND  FIRST  LUMBAR  NERVEa    49 

The  plan  which  I  adopted  was  to  carefully  note  the  description 
which  is  given  of  these  nerves  in  our  standard  text-books,  and 
then  in  each  dissection  I  recorded  simply  those  points  in  which 
the  nerves  exposed  differed  from  this. 

Last  Dorsal  Nerve. — The  anterior  primary  division  of  this 
nerve  is  very  constant  in  its  relations  and  distribution.  It 
seldom  deviates  frt>m  the  condition  described  in  our  standard 
works  on  anatomy.  In  one  subject,  from  its  commencement  to 
its  termination,  it  played  the  part  of  the  ilio-inguinal,  and  in 
every  particular,  save  its  origin,  it  presented  an  arrangement 
identical  with  that  nerve. 

In  four  subjects  the  lateral  cutaneous  branch  of  the  last  dorsal 
nerve  was  completely  absent.  In  these  cases  the  place  of  this 
branch  was  taken  by  an  unusually  large  iliac  branch  of  the  ilio- 
hypogastric 

Tbiee  points  may  be  added  to  the  usually  accepted  description 
of  this  nerve — (1)  its  anterior  branch  supplies  several  twigs  to 
the  intOTnal  oblique ;  (2)  its  lateral  cutaneous  branch  emerges 
close  to  the  anterior  border  of  the  latissimus  dorsi  muscle,  and 
3  inches  above  the  iliac  crest ;  and  (8)  the  lateral  branch,  before 
piercing  the  external  oblique  muscle,  invariably  supplies  to  this 
mnsde  a  large  and  constant  offset. 

The  posterior  primary  divieion  of  the  last  dorsal  nerve 
presents  the  typical  arrangement  of  the  corresponding  part  of 
the  other  spinal  nerves.  The  sudden  downward  sweep  of  these 
nerves  is  very  noticeable,  and  likewise  the  consequent  hxit  that 
the  respective  areas  of  skin  supplied  by  them  are  at  a  lower  level 
than  the  corresponding  areas  supplied  by  the  anterior  divisions. 
Drs  Wardrop  Griffith  and  Oliver  have  already  called  attention 
to  this  in  a  suggestive  paper  in  the  Proc.  of  the  Anatomical 
Society}  The  precise  area  of  skin  supplied  by  the  posterior 
primary  branch  of  the  last  dorsal  nerve  is  situated  between 
the  back  part  of  the  crest  of  the  ilium  and  the  middle  lioe. 

lUo-Hypogastric  Nerve, — The  hypogastric  or  abdominal 
branch  of  this  nerve  has  been  differently  described  by  different 
aothora  Quain  states  that  it  supplies  both  transversalis  and 
internal  oblique  muscles,  whilst  Macalister  considers  that  it  is 
entirely  sensory.    I  have  not  been  able  to  find  any  twigs  to 
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muscles  from  this  branch  except  in  one  case,  to  be  presently 
described,  where  it  furnished  the  nerve  of  supply  to  the  pyramid 
dalis  muscle, 

I  have  twice  seen  a  plexiform  communication  between  it  and 
the  ilio-inguinaL  This  constituted  a  delicate  interlacement  of 
fibres  which  lay  on  the  transversalis  muscle  in  fi*ont  of  and  above 
the  anterior  superior  iliac  spine.  The  point  of  exit  made  by  the 
hjrpogastric  branch  through  the  &scia  of  the  external  oblique 
was  constant,  inasmuch  as  it  took  place  on  a  line  drawn  verti- 
cally, upwards  from  the  mid-point  of  the  outer  margin  of  the 
external  abdominal  ring.  Its  point  of  emergence  on  this  line, 
however,  varied  from  2  to  2J  inches  above  the  level  of  the  spine 
of  the  pubis.  The  exact  normal  cutaneous  supply  of  this  branch 
I  have  been  unable  to  discover  accurately.  To  judge  from  the 
downward  tendency  of  its  branches,  I  should  say  that  Quain's 
description,  namely,  that  the  nerve  supplies  the  skin  for  2  inches 
above  the  pubis,  is  nearest  the  truth.  I  have  not  seen  any 
offset  from  it  distributed  as  high  as  the  umbilicus,  as  Macalister 
has  stated. 

The  lateral  cutaneous  (iliac)  branch  of  the  ilio-hypogastric  I 
found  to  be  very  constant,  both  in  its  position  and  area  of  supply. 
In  every  case  in  which  it  existed  (48  out  of  50)  it  crossed  the 
tubercle  on  the  iliac  crest  as  mentioned  by  Ellis,  and  in  one 
subject  it  was  placed  so  deeply  that  it  grooved  the  bone  in  the 
manner  described  by  the  same  authority.  The  position  of  this 
tubercle  on  the  iliac  crest,  and  consequently  the  point  at  which 
the  nerve  crosses  the  bone,  is  very  much  as  Macalister  has 
described,  viz.,  the  anterior  point  of  the  trisection  of  the  crest  of 
the  ilium.  It  is  immediately  above  this  that  the  nerve  pierces 
the  attachment  of  the  external  oblique  muscle.  The  text-books 
describe  the  point  at  which  this  nerve  pierces  the  internal 
oblique  as  being  the  same  as  its  point  of  emergence  through 
the  external  oblique.  This  I  found  to  be  not  quite  correct.  It 
pierces  the  internal  oblique  shortly  after  it  is  given  off  by  the 
main  trunk  of  the  nerve;  consequently  the  nerve,  before  be- 
coming superficial,  lies  for  a  certain  distance  between  the  two 
oblique  muscles.  It  forms  at  times  a  network  of  communica- 
tion above  the  iliac  crest,  with  the  lateral  cutaneous  offset  of 
the  last  dorsal  nerve.    In  the  four  cases  in  which  the  lateral 
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cutaneous  branch  of  the  last  dorsal  did  not  exist,  the  lateral 
cutaneous  branch  of  iKo-hypogastric  was  very  large.  There 
was  in  this  case  a  large  and  more  posterior  branch,  which 
formed  a  free  and  complicated  network  of  communication  with 
the  external  cutaneous  branches  of  the  posterior  primary  divisions 
of  the  second  and  third  lumbar  nerves.  In  investigating  the 
ultimate  distribution  of  the  cutaneous  filaments  of  this  nerve  I 
never  failed  to  observe  one  branch  supplying  the  skin  over  the 
tensor  fascise  femoris  muscle  as  feu*  as  its  anterior  border.  I 
find  that  Erause  has  described  this  branch :  "  N.  ilio-hypogas* 
tricus.  Ersetzt  haufig  den  ilio-inguinalis  ganz  oder  theilweise. 
Oibt  zuweilen  einem  hautast  der  in  die  den  M.  tensor  fescisa 
latee  deckende  cutis  hinabreicht."  ^  The  other  cutaneous  branches 
sapply  the  skin  over  the  gluteus  maximus  to  an  extent  that 
varies  in  proportion  to  that  of  the  other  cutaneous  nerves  in  the 
region,  but  which,  to  judge  from  the  few  and  rough  observations 
which  I  have  been  able  to  make,  supply  the  integument  over  the 
outer  third  of  the  gluteus  maximus  and  medius  muscles,  as  far 
as  the  level  of  the  great  trochanter. 

Hie  nio-Ingwinal. — ^In  eight  out  of  the  fifty  cases  examined, 
the  ilio-inguinal  arose  as  a  combined  nerve  with  its  fellow,  the 
ilio-hypogastric,  from  the  first  lumbar  nerva  This  lacks  one  case 
to  make  up  the  18  per  cent,  stated  by  Macalister  as  the  per- 
centage in  which  these  nerves  arise  in  common.  In  (me  case 
the  ilio-inguinal  arose  firom  the  second  lumbar.  Qegenbaur 
mentions  this  variety. 

In  those  cases  in  which  the  ilio-inguinal  and  ilio-hypogastric 
arose  in  common,  the  division  occurred  close  to  the  point  where 
the  branch  representing  the  ilio-hypogastric  pierced  the  internal 
oblique.  Previous  to  this  the  combined  nerve  follows  the  course 
nsuflJly  taken  by  the  ilio-hypogastria  In  one  case  the  ilio* 
inguinal  did  not  exist ;  the  genital  branch  of  the  genito-crural 
taking  on  itself  the  part  of  the  ilio-inguinal  in  its  final  distribu- 
tion. Erause  notices  the  converse  to  this  abnormality.  **  The 
ilio-inguinal  sometimes  compensates  the  genito-crural,"  he  states ; 
and  then  he  adds :  *'  It  sometimes  descends  to  the  thigh  behind 
Poupart's  ligament,  winds  round  the  saphena  vein,  and  turns 
back  to  its  normal  distribution-area  under  the  external  abdo- 

^  Kmue,  AnaUmU^  vol.  iii  p«  210*  j 
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minal  ring.    Scrotal  or  labial  branches  may  fiul."    I  have  not 
observed  any  of  these  conditions. 

In  two  subjects  very  abnormal  conditions  existed.  In  one  of 
these  the  ilio^hypogastric  did  not  exist ;  the  ilio-ingiiinal  arose 
normally,  bnt  passed  down  over  the  iliacns  muscle  in  the  exact 
position  which  the  external  cutaneous  nerve  should  occupy. 
Having  reached  Poupart's  ligament  on  each  side  of  this  subject, 
an  inch  in  front  of  the  anterior  superior  spine,  the  nerve  pierced 
the  abdominal  muscles  in  the  usual  manner,  passed  through 
the  inguinal  canal,  and  gave  off  its  two  usual  branches  of 
distribution.  The  external  cutaneous  nerve  proper  did  not 
exist.  On  the  left  side  of  this  subject  previous  dissection  had 
rendered  it  impossible  to  determine  from  whence  an  external 
cutaneous  supply  for  the  thigh  had  been  derived.  On  the  right 
side,  however,  an  external  cutaneous  branch  was  given  off  by 
the  anterior  crural  nerve.    This  variety  is  not  uncommon. 

In  the  second  case  the  same  anomaly  existed,  with  some 
further  variation.  The  ilio-hypogastric  and  external  cutaneous 
nerves  were  agam  absent.  The  ilio-inguinal  nerves  arose  nor- 
mally, but  again  occupied  the  position  of  the  external  cutaneous 
nerves  as  they  crossed  the  iliacus  muscle.  In  this  subject,  how** 
ever,  the  ilio-inguinal  not  only  took  the  position  of  the  external 
cutaneous  nerve  in  the  pelvis,  but  also  gave  off  a  branch  which 
performed  the  functions  of  that  nerve  in  the  thigh.  An  inch 
below  the  anterior  superior  spine  of  the  ilium  it  sent  a  branch 
over  Poupart's  ligament,  which  supplied  the  skin  on  the  outside 
of  the  upper  two-thirds  of  the  thigh.  The  rest  of  the  nerve 
passed  on  by  its  normal  course  to  its  usual  distribution. 

Nerve  Supply  of  the  Pyrarrtidcdis  Mu8cie. — I  have  reserved 
the  question  of  the  nerve  supply  of  the  pyramidalis  muscle 
until  now,  seeing  that  the  result  of  the  investigation  involves 
the  three  nerves  from  which  this  supply  might  reasonably  be 
expected  to  come.  I  have  been  able  to  verify  the  nerve  supply 
of  this  muscle  in  only  e&ven  cases.  In  others,  where  the  nerve 
was  found,  previous  dissection  had  destroyed  its  connections. 
When  discovered,  it  was  always  by  the  adoption  of  one  method. 
The  sheath  of  the  muscle  was  opened ;  the  apex  of  the  muscle 
was  detached  from  the  linea  alba,  and  it  was  then  reflected 
downwards.     During,  this  p^roceas  I.  carefully   searched    for 


VARIETIES  OF  LAST  DOBSAL  AND  FIBST  LUMBAB  NEBYES.    S8 

any  filament  of  nerve  entering  its  posterior  surface.  The  first 
nerve  of  snpply  which  I  found  entered  its  posterior  surface,  and 
when  traced  outwards  it  was  proved  to  come  firom  the  ilio- 
hypogastric This  nerve  of  supply  was  present  on  both  sides  of 
the  subject,  and  it  passed  inwards  behind  the  external  pillars 
of  the  external  abdominal  ring.  The  remaining  six  nerves  of 
supply  which  I  found  came  fi*om  the  last  dorsal  nerve.  Five 
of  these  pierced  the  substance  of  the  rectus  abdominis  muscle, 
and  supplied  the  pyramidalis  about  the  middle  of  its  posterior 
surfSsuse.  The  last  nerve  supply  which  I  foimd,  at  first  sight 
appeared  to  verify  the  condition  which  Ellis  has  described  as  the 
normal — namely,  that  the  pyramidalis  muscle  obtains  its  inner- 
vation from  the  ilio-inguinal.  The  branch  in  question  arose 
from  a  nerve  which  was  performing  the  functions  of  the  iUo- 
inguinal.  It  passed  upwards  out  of  the  inguinal  canal,  and 
from  thence  behind  the  pillars  of  the  ring,  and  finally  entered 
the  posterior  surfece  of  the  muscle.  Further  investigation  of 
this  subject,  however,  proved  this  nerve  to  be  the  one  case  in 
which  the  last  dorsal  had  taken  the  place  of  the  ilio-inguinal 
nerve.  It  was  as  if,  having  gone  on  an  unwonted  errand  in 
supplying  the  inguinal  region,  it  suddenly  recollected  itself,  and 
sent  back  a  branch  to  perform  what  appears  to  be  one  of  its 
normal  duties — the  nerve  supply  of  the  pyramidalis. 

My  results,  therefore,  are  opposed  to  the  statements  made  on 
this  subject  by  Ellis.  I  find,  however,  that  the  result,  so  far,  is 
supported  by  the  German  investigators.  Erause^  takes  the 
lower  five  dorsal  nerves  together,  and  states  that  the  pyramidalis 
receives  its  supply  from  this  group:  from  which  of  them  he 
does  not  mention.  Aeby  follows  Erause  in  his  method  of 
description,  and  corroborates  him  as  to  the  innervation  of  the 
pyramidalis.  Schwalbe,^  in  describing  the  last  dorsal,  says: 
"  Also  the  musculus  pjrramidalis  may  become  supplied  by  the 
last  intercostal  nerve ;  whether  the  first  lumbar  nerve  shares  in 
its  innervation  requires  a  renewed  investigation."  The  above- 
mentioned  case,  in  which  the  ilio-hypogastric  supplied  the 
muscle,  is  an  instance  of  the  first  lumbar  nerve  giving  it  a 
supply. 

!bi  conclusion,  I  would  draw  attention  to  a  peculiarly  instruc- 

^  Analomie,  p^  899.  '  Narv&nlehre,  p.  948. 
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The  npper  figure  giTM  tlia  Tentral,  the  loner  the  dorstl  up«ct  of  the  cue  o 
herpes  Tefemd  to  in  the  tezL  The  patient  was  seen  in  the  dispeiuaiy  of  Si 
Patrick  Dan's  Ho«pitsl,  Dublin,  October  12th,  ISSO. 
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tive  case  of  Herpes  Zoster  which  came  under  my  notice.  The 
affected  areas  seem  to  be  singularly  suggestive  of  the  cutaneous 
distribution  of  the  first  lumbar  nerve,  a  type  which  Bris- 
towe  has  named  "  Lumbo-Inguuialis." 

A  glance  will  show  that ''  zonular  "  is  the  last  word  that  can 
be  applied  to  this  type  of  the  disease ;  yet  it  becomes  evident 
that  this  is  owing  to  the  fidelity  with  which  the  disease  followed 
the  cutaneous  distribution  of  the  first  lumbar  nerves.  The 
affected  areas  of  skin,  A.A.,  represent  the  cutaneous  supply 
from  the  posterior  primary  divisions  of  the  first  lumbar  nerves ; 
B.B.,  the  lateral  cutaneous  or  iliac  branches  of  ilio-hypogastric; 
C.C,  the  branches  over  anterior  border  of  the  tensores  fasciae 
femoris ;  D.D.,  the  hypogastric  cutaneous  termination ;  and 
E.E.,  the  terminal  cutaneous  supply  to  the  skin  of  the  scrotum 
and  thigh  furnished  normally  by  the  ilio-inguinal  nerve. 


A  SIMPLE  METHOD  OF  FIXING  PARAFFIN  SEC- 
TIONS TO  THE  SLIDE.  By  G.  Lovbll  Gulland, 
MJ).,  F.R.C.P.E. 

(From  the  Laboratory  of  the  Boyal  OoU^  of  Phyndans,  Edinbargh.) 

In  Dr  Gafikeirs  interesting  paper  "  On  the  Origin  of  Vertebrates 
from  a  Crustacean-like  Ancestor "  {Quart.  Jowr.  of  Mic.  Sci., 
vol.  xxzL  1890),  he  describes  a  method  (on  p.  382)  by  which  he 
succeeded  in  overcoming  the  folding  of  sections  of  the  cranium 
of  Ammocoetes.  It  consists  in  floating  the  series  of  sections  on 
the  surface  of  warm  water^  which  flattens  them,  and  then  trans- 
ferring them  to  the  slide,  which  has  previously  been  coated  with 
albumen  and  glycerine.  The  sections  are  then  dried  by  pressure 
between  blotting-paper,  the  wax  is  melted,  removed  by  xylol, 
and  the  sections  are  then  mounted  in  Canada  balsam. 

For  some  time  before  Dr  Oaskell  published  this  method  I  had 
been  using  it,  and  had  experimented  with  several  modiflcations 
of  it ;  one  of  these  has  been  so  successful  in  my  hands,  and  in 
those  of  others  to  whom  I  have  conmiunicated  it  in  this  labora- 
tory and  other  laboratories  in  Edinburgh,  that  I  am  desirous 
that  it  should  become  more  widely  known. 

In  using  albumen  and  glycerine  as  a  fixative,  according  to 
Mayer's  method,  which  is,  I  suppose,  the  way  in  which  Dr 
Gaskell  employs  them,  I  have  met  with  objections  which  made 
me  wish  to  omit  that  part  of  the  process.  These  difficulties 
are : — ^That  it  is  not  always  easy  to  get  the  layer  of  albumen 
and  glycerine  of  equal  thickness  all  over  the  slide,  so  that  the 
sections  do  not  lie  quite  flat;  that  patches  of  coagulated 
albumen  sometimes  retain  stains,  especially  some  of  the 
anilines,  in  a  disturbing  manner,  and  this  inconvenience,  I  am 
told,  is  specially  felt  in  microphotography ;  that  in  manipulat- 
ing sections  on  the  slide,  solutions  of  picric  acid,  moderately 
strong  alkaline  solutions,  and  some  other  fluids  cannot  be  used, 
as  they  loosen  the  adhesion  of  the  section  to  the  slide.  Further, 
I  have  found,  in  using  Dr  Gaskell's  method,  that  if  a  very  large 
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number  of  sections  are  to  be  mounted  on  one  slide,  the  fixative 
is  apt  to  be  washed  off;  sjid  if  one  trusts  to  the  fixative  after- 
wards, and  proceeds  in  the  usual  way  as  described  by  him,  some 
of  the  sections  may  be  lost.  The  method  I  use  is  the  follow* 
ing:— 

The  piece  of  tissue  is  imbedded  in  paraffin  in  the  usual  way, 
and  I  will  suppose  that  a  complete  series  of  sections  is  desired, 
and  is  to  be  cut  with  the  Cambridge  rocking  microtome.  The 
paraffin  block  containing  the  tissue  must  be  trimmed  very 
carefully,  care  being  taken  to  see  that  the  surface  meeting 
the  razor  is  exactly  parallel  to  the  opposite  surface,  and  that 
the  block  is  exactly  rectangular.  A  thin  layer  of  soft  paraffin 
18  then  applied  to  the  sur£su^  meeting  the  razor  and  to  the 
opposite  surface-^this  is  best  done  by  dipping  these  surfiEtces 
into  the  melted  soft  paraffin, — and  when  this  has  become  firm, 
the  sur&ces  are  again  trimmed  square.  The  reason  for  this 
very  special  care  is  that  any  curve  in  the  ribbon,  produced  by 
n^lect  of  this  precaution,  is  accentuated  by  the  flattening  out 
of  the  sections,  and  though  in  mounting  several  ribbons  on  one 
slide  a  slight  curve  does  not  matter,  and  can,  indeed,  be  cor- 
rected by  folding  up  the  soft  paraffin  between  the  sections,  a 
sharper  curve  of  course  interferes  with  the  regular  disposition 
of  the  series.  When  all  the  sections  required  have  been  cut, 
the  ribbon  must  be  divided  with  a  sharp  knife  into  lengths 
corresponding  to  that  of  the  slide  in  use.  A  very  convenient 
size  is  a  slide  of  4  x  2  inches  with  a  cover-glass  of  3x1^  inches. 
These  ribbons  are  then  to  be  seized  at  one  end  with  forceps, 
and  the  other  end  is  gently  lowered  on  to  the  surfeu^e  of  the 
warm  water,  and  as  the  sections  flatten  out  they  will  be  found 
to  move  along  the  surfieuse  of  the  water,  so  that  more  and  more 
of  the  ribbon  can  be  lowered.  It  is  not  so  satisfactory  to  hold 
both  ends  of  the  ribbon  and  lower  the  middle  first.  When  the 
flattening  is  complete,  the  slide,  carefully  cleaned,  is  immersed 
ia  the  water,  the  ribbon  is  floated  into  its  position  on  the  slide 
with  a  stiff  brush,  and  the  process  is  repeated  with  one  ribbon 
after  another  until  the  slide  is  full.  With  a  little  practice 
one  soon  learns  how  to  bring  the  rows  close  together  so  that  no 
space  is  wasted.  The  slide  is  then  set  up  on  end  to  allow  the 
superfluous  water  to  drain  off 
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The  best  dish  for  carrying  out  this  process  is,  perhaps,  a  flat 
glass  dish  standing  on  a  dark  table,  as  the  manipulation  is  more 
easily  accomplished  when  the  white  paraffin  is  thus  thrown  up 
in  reliel  The  temperature  of  the  water  is  of  course  important, 
but  as  different  workers  use  paraffins  of  varying  hardness,  no 
absolute  rule  can  be  laid  down.  It  should  be  comfortably  warm 
to  the  hand,  but  never  so  warm  as  to  melt  the  soft  paraffin 
holding  the  sections  together.  Short  of  this,  however,  the 
warmer  the  water  the  more  rapidly  and  completely  are  the 
sections  flattened. 

So  far  the  sections  are  simply  lying  loose  upon  the  slide,  and 
they  have  yet  to  be  fixed  to  it.  This  is  done  by  evaporating 
the  water  from  the  surface  of  the  slide.  The  evaporation  might 
be  carried  out  in  many  ways,  but  I  shall  best  explain  it  by  describ- 
ing my  own  practice.  I  almost  invariably  use  paraffin  for  im* 
bedding  whose  melting-point  is  52°  C,  and  the  imbedding  oven, 
an  ordinary  copper  one,  is  therefore  kept  at  about  64°  C.  or  55°  C. 
The  slides,  after  the  water  has  drained  off  as  much  as  possible, 
are  placed  on  the  top  of  the  oven,  where  the  temperature  is 
probably  a  little  under  50°  C,  and  where,  consequently,  the 
paraffin  of  the  sections  is  not  melted,  though  the  water  rapidly 
evaporates.  The  slides  are  kept  there,  with  a  cardboard  cover 
over  them  to  keep  off  dust,  until  the  evaporation  is  complete, 
and  the  sections  have  adhered  to  the  slide.  The  time  required 
for  this  varies,  as  I  shall  show  immediately ;  but  the  important 
point  is  that  the  paraffin  must  never  be  melted  until  the  last 
trace  of  water  has  disappeared  from  the  slide.  If  this  premature 
melting  happens  by  any  accident,  the  sections  are  certain  to 
peel  off  later.  When  the  water  has  evaporated  completely, 
the  opacity  of  the  sections  disappears,  they  become  much  more 
transparent,  and  they  look  dry.  A  very  few  experiments  enable 
one  to  be  sure  of  the  point  when  slides  are  safe.  Of  course 
when  the  paraffin  used  for  imbedding  is  of  a  lower  melting- 
point  than  52°  C,  the  temperature  for  evaporation  must  also  be 
lower;  and  when  the  oven  is  regulated  as  above,  this  can  be 
managed  by  putting  a  few  thicknesses  of  paper  under  the  slide. 

When  the  fixation  is  complete,  the  paraffin  is  melted  by 
putting  the  slide  inside  the  oven  for  a  little,  and  is  then  washed 
off  with  turpentine  or  xylol;  and,  if  the  piece  of  tissue  has 
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been  stained  en  hloc,  the  sections  can  be  mounted  at  once  in 
balsam. 

One  of  the  great  advantages  of  this  method  is  the  perfect 
ease  and  safety  with  which  it  allows  sections  on  the  slide  to 
be  manipulated^  so  that  the  most  various  stains  and  reagents 
can  be  applied  successively  to  a  slide,  e,g.,  the  complicated 
processes  used  to  demonstrate  bacteria  in  the  tissues  can  be 
applied,  with  the  certainty,  moreover,  that  there  is  nothing  on 
the  slide  to  be  stained  which  was  not  in  the  section. 

The  time  required  for  complete  fixation  varies  in  dependence 
on  several  circumstances,  but  of  these  the  most  important  are 
the  thoroughness  with  which  the  superfluous  water  has  been 
drained  off  the  slide,  and  the  thickness  of  the  sections.  For 
instance,  sections  cut  with  five  teeth  of  the  rocking  microtome 
require  generally  about  an  hour  to  dry  in  the  way  I  have 
described ;  those  cut  with  ten  teeth  perhaps  three  hours ;  while 
those  cut  with  fifteen  teeth  take  six  hours,  or  even  longer. 
This  scale  is  only  approximate,  and  it  may  be  said,  generally 
speaking,  that  the  longer  the  slide  is  allowed  to  dry  the  better 
will  be  the  fixation,  and,  of  course,  no  harm  is  done  to  the  section 
by  leaving  it  for  an  indefinite  time  in  paraffin,  so  long  as  the 
paraffin  is  not  melted. 

Of  course  a  single  section  is  to  be  mounted  in  the  same  way 
as  a  series,  and  it  will  be  found  that  where  it  is  desirable  to 
examine  a  few  sections  with  as  little  delay  as  possible,  warm 
methylated  spirit,  or  even  absolute  alcohol,  evaporate  more 
rapidly  than  water,  while  the  fixation  is  as  perfect  with  them, 
and  the  method  of  use  exactly  the  same,  as  with  the  less  volatile 
liquid.  For  obvious  reasons  these  fluids  are  not  likely  to  be 
Msed  firequently  with  long  series  of  sectioDS. 


A    PAIR   OP    SUPERNUMERARY    TEETH    IN    THE 
MOLAR  REGION.    By  Prof.  Sir  William  Turner. 

I  HAVE  on  former  occaaioiiB  recorded  the  presence  of  single 
supernumerary  teeth  in  the  human  dentition.  In  this  Journal, 
vol.  xiL  p.  142,  I  described  a  supernumerary  conical  incisor, 
apparently  mesial  in  position,  in  the  upper  jaw  of  a  living  man. 
In  my  account  of  Human  Crania  {ChaUenger  Beports,  part 
zxix.,  1884)  I  described  (p.  30)  in  a  young  Australian  skull  a 
palatal  tooth  in  the  left  superior  maxilla  close  to  the  mesial 
suture,  and  in  an  adult  Australian  (p.  33)  a  tooth  with  two 
cusps  immediately  behind  the  left  upper  wisdom  tooth.  I  have 
recently  met  with  an  example  of  a  pair  of  supernumerary  teeth 
in  the  upper  jaw,  a  condition  which  from  its  rarity  it  may  be  of 
interest  to  put  on  record. 

In  July  1891, 1  received  from  a  former  pupil,  Mr  J.  Brown 
Lester,  M.B.,  as  a  donation  to  the  craniological  collection  in 
the  Anatomical  Museum  of  the  University  of  Edinburgh,  a 
set  of  seven  African  skulls  without  the  lower  jaws,  which  he 
had  collected  in  the  region  of  the  Gambia.  One  of  these 
furnished  an  interesting  example  of  a  pair  of  supernumerary 
teeth.  It  was  the  skull  of  a  Combo  native,  and  was  collected 
in  the  Qunjur  village,  Mandingo  country. 

In  each  superior  maxilla  a  supernumerary  tooth  was  present 
in  the  molar  region,  and  was  situated  opposite  and  internal 
to  the  interval  between  the  first  and  second  pennanent  molars. 
The  supernumerary,  teeth  on  opposite  sides  varied  materially 
in  shape.  The  left  one  was  a  simple  tooth  with  a  conical 
crown  and  single  fang.  The  crown  was  5  mm.  long,  and  4 
mm.  in  antero-posterior  diameter ;  its  apex  was  almost  on  the 
same  plane  as  the  cusps  of  the  molai*s  between  which  it  was 
situated.  The  fang  projected  4  mm.  beyond  the  edge  of  the 
alveolus.  The  right  supernumerary  tooth  was  definitely  bicus- 
pidate,  and  the  cusps  were  placed  one  in  front  of  the  other, 
and  not  internal  and  external  as  in  the  proper  bicuspid  teetL 
So  much  of  the  fang  as  was  visible  without  extracting  the 
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tooth,  was  flattened  and  not  bifid  The  antero-posterior 
diameter  of  the  crown  was  8  mm.  and  its  transverse  diameter 
was  6  mm.  The  cusps  were  on  the  same  plane  as  those  of  the 
neighbouring  true  molars.  The  skull  was  apparently  that  of 
a  young  woman,  for  though  the  basi-cranial  synchondrosis  was 
ossified,  the  sutures  of  the  vault  were  distinct,  and  the  cusps 
of  the  teeth  were  very  little  worn.  All  the  permanent  teeth 
were  erupted  and  there  was  no  displacement.  The  hard 
palate  was  distinguished  by  its  remarkable  depth,  which  in 
more  than  one  locality  measured  as  much  as  20  mm. 


THE  DIRECT  ACTION  OF  HYDROGEN  SULPHIDE, 
HYDROGEN  SELENIDE,  AND  HYDROGEN  TEL- 
LXJRIDE  ON  HAEMOGLOBIN.     By  M.  A.  Arthman 

BKUfeRE,  M.D. 

(From  tlie  Physiological  Laboratory,  University  of  EdiDbargb.) 

From  the  researches  of  Eulenberg,  Hoppe-Seyler,  and  others 
it  is  known  that  hydrogen  sulphide  exerts  a  special  action  on 
haemoglobin,  resulting,  among  other  changes,  in  the  formation  of 
a  chemical  compound,  the  absorption  spectrum  of  which  is 
characterised  by  a  band  between  Fraunhofer's  lines  C  and  D. 
The  composition  and  properties  of  this  compound,  and  the  exact 
position  in  the  spectrum  of  the  band  special  to  it,  will  be  con- 
sidered at  some  length  further  on.  Suffice  it  to  say  here  that 
the  compound  in  question  is  obtained  by  the  direct  action  of 
hydrogen  sulphide  on  a  solution  of  haemoglobin  or  on  diluted 
blood,  and  that  the  above-mentioned  band  is  not  a  characteristic 
of  the  spectrum  given  by  the  blood  of  animals  poisoned  by  the 

gas. 

Although  the  direct  action  of  hydrogen  sulphide  upon  the 
blood-pigment  has  often  been  the  subject  of  special  inquiry, 
that  of  its  analogues,  hydrogen  selenide  and  hydrogen  telluride, 
does  not  seem  to  have  claimed  the  attention  of  experimentalists. 
Eulenberg,  who  has  experimented  on  animals  with  these  two 
gases,  makes  no  special  mention  of  the  spectrum  of  blood 
subjected,  outside  the  body,  to  their  action.  Preyer,  in  his 
Die  BlutcrystaUe,  1871,  does  not  allude  to  their  direct  action 
on  the  blood-pigment ;  and  L  Hermann  concludes  a  brief  con- 
sideration of  their  toxic  effects  with  the  statement,  "Die 
Wirkung  beider  gase  auf  Blut  ist  nicht  untersucht"  ^ 

Now,  as  is  well  known,  the  physical  and  chemical  properties 
of  hydrogen  sulphide,  hydrogen  selenide,  and  hydrogen  telluride 
are,  in  many  respects,  analogous.  Thus  for  instance,  they  are 
colourless  gases,  they  are  soluble  in  water,  and  they  possess 
a  certain  quality  in  their  distinctive  odours  which  is  common 
to  all  three.  Moreover,  they  are  combustible,  burning  with  a 
^  Lehrbuch  der  eai^^mmmUUm  Toxicologie,  1874,  p.  181. 
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more  or  less  bluish  flame ;  their  reaction  is  slijj^htly  acid ;  and 
they  give  precipitates,  consisting  of  metallic  sulphides,  selenides, 
and  telluiides,  with  the  solutions  of  the  salts  of  most  metals. 

The  relationship  between  these  gases  being  so  very  close,  if 
the  &ct  that  hydrogen  sulphide  acts  in  a  special  manner  on 
hsemoglobin  be  borne  in  mind,  the  idea  that  there  might  be 
some  analogy  between  their  mode  of  action  on  the  blood-pig- 
ment wiU  not  seem  far-fetched.  This  idea  first  occurred  to  Dr 
J.  B.  Haycraft,  and  it  was  at  his  suggestion  that  this  research 
on  the  direct  action  of  the  three  gases  on  the  blood-pigment 
was  undertaken. 

Hydrogen  sulphide,  hydrogen  selenide,  and  hydrogen  telluride 
were  brought  in  contact  with  diluted  blood,  that  they  might 
act  on  the  oxyhaemoglobin,  and  the  results  of  their  direct  action 
on  the  blood-pigment  were  carefully  compared  with  one  another, 
special  attention  being  paid  to  the  spectrum  of  the  blood  so 
treated. 

Before  going  into  the  details  of  my  experiments  with  these  gases,  I 
think  it  well  to  indicate,  as  briefly  as  possible,  how  each  of  them  was 
prepared.  I  shall  not  dwell,  at  any  length,  on  the  apparatus  used  in 
thdr  preparation,  for  they  being  such  as  ordinarily  serve  for  the  pre* 
paration  of  gases,  a  detailed  description  of  them  is  uncalled  for. 

Hydrogen  sulphide  was  attained  by  gently  heating  antimony  trisul- 
phide,  in  a  flask,  with  strong  hydrochloric  acid.  The  gas  evolved 
was  passed  through  two  wash-bottles  containing  water  rendered  alka- 
line by  the  addition  of  an  aqueous  solution  of  caustic  potash.  The 
gas,  having  been  washed,  was  passed  over  dry  fragments  of  caustic 
potash,  contained  in  a  U-shaped  tube,  after  which  it  was  collected 
over  mercury,  in  small  jars  having  a  capacity  of  50  c.c.  and  provided 
with  ground  glass  stoppers.  Each  stopper  was  carefully  greased,  and 
inserted  under  mercuiy  into  its  corresponding  jar,  this  being  filled 
with  gas.  A  supply  of  hydrogen  sulphide  could  thus  be  kept  at  hand 
to  be  used  when  necessary.  Hydrogen  sulphide  prepared  in  this  way 
was  found,  on  analysis,  to  be  purer  than  when  obtained  by  the  action 
of  dilute  hydrochloric  or  sulphuric  acid  on  ferrous  sulphide. 

Hydrogen  selenide  was  obtained  by  acting  on  freshly  prepared 
sodium  selenide,  in  a  small  flask,  with  dilute  hydrochloric  acid.  After 
experimenting  with  the  selenide  of  several  metals,  I  elected  to  use 
that  of  sodium,  prepared  by  fusing,  in  a  porcelain  crucible,  pure  me- 
tallic sodium  with  an  excess  of  selenium  reduced  to  a  coarse  powder. 
The  combination  takes  place  with  the  evolution  of  much  heat  and 
light,  and  to  lessen  the  violence  of  the  reaction,  it  was  found  necessary 
to  prepare  the  compound  in  an  atmosphere  of  nitrogen.  The  gas  was 
washed  in  order  to  rid  it  of  any  trace  of  hydrochloric  acid,  which 
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might  have  passed  over  with  it.  This  was  rendered  imperative  by 
the  fact  that  the  presence  of  any  hydrochloric  acid  in  the  gas  used 
would  have  made  the  results  obtained  unreliable ;  but  washing  en- 
tailed a  loss  of  part  of  the  gas,  for  it  is  very  soluble  in  water,  and  its 
solution  soon  absorbs  oxygen  and  decomposes.  Its  solubility  in  water 
precluded  its  being  collected  over  this  liquid,  even  when  this  had  a 
layer  of  oil  on  its  surface ;  and  the  gas  had  consequently  to  be  collected 
over  mercury.  On  account  of  the  readiness  with  which  it  attacks 
this  metal,  only  a  small  quantity  of  the  gas  was  prepared  at  a  time, 
and  that  was  used  as  soon  as  possible  after  being  obtained. 

Hydrogen  telluride  was  prepared  by  acting  on  sodium  telluride^ 
in  a  flask,  with  dilute  hydrochloric  acid.  I  found  that  the  gas,  thus 
prepared,  was  purer  than  when  obtained  by  the  action  of  dilute 
hydrochloric  acid  on  zinc  telluride.  The  method  of  preparing  and 
collecting  this  gas  is  identical  with  that  adopted  in  the  case  of 
hydrogen  selenide,  and  calls  for  no  special  description.  I  may,  how- 
ever, state  that  hydrogen  telluride  is  more  stable,  in  the  presence  of 
water,  than  hydrogen  selenide,  and  keeps  better  over  mercury. 

I  need  hardly  say  that  the  greatest  care  was  bestowed  on  the 
preparation  of  these  gases.  The  preparation  of  hydrogen  selenide 
and  hydrogen  telluride  especially  demanded  much  painstaking,  and 
it  was  only  after  many  trials  that  I  succeeded  in  obtaimng  them  in  a 
sufficiently  pure  stata 

Direct  Action  of  Hydrogen  Sulphide  on  the  Blood-Pigment, 
— ^I  made  a  number  of  experiments  in  order  to  study  the  suc- 
cessive changes  that  take  place  in  blood  acted  on  by  hydrogen 
sulphide.  The  blood  used  in  most  of  them  was  fresh  rabbit's 
blood.  This  was  diluted  with  100  volumes  of  water,  then  shaken 
and  filtered.  Experiments  were  also  made  with  the  blood  of 
other  mammals.  Throughout  this  research,  the  blood  used  was 
always  diluted  to  the  same  extent. 

The  method  of  experimenting  first  adopted  consisted  in  pass^ 
ing  a  current  of  the  gas  through  the  diluted  blood,  small  quanti- 
ties of  which  were  taken  from  time  to  time  for  spectroscopic 
examination.  This  method  answered  well  enough  for  demoa- 
strating  the  naked'*eye  appearances  of  blood  so  treated,  but 
proved  inadequate  for  enabling  one  to  follow,  with  accuracy,  the 
successive  changes  in  its  spectrum.  I  bad,  therefore,  to  devise 
another  method,  which  enabled  me  to  observe,  to  greater  advan*- 
tage,  the  changes  in  the  spectrum  of  blood  when  brought  in  con* 
tact  vnth  hydrogen  sulphide.  This  method  consists  in  causing  the 
gas  to  act  upon  diluted  blood,  in  an  absorption  tube  standing 
over  mercury.    Some  of  the  pure  gas  is  introduced  into  a  non- 
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graduated  absorption  tube  standing  over  mercury.  The  diluted 
blood  is  next  introduced  by  means  of  a  curved  pipette,  and  the 
spectroscopic  examination  of  the  blood  is  forthwith  proceeded 
with.  While  the  observer  is  carefully  watching  the  spectrum^ 
the  absorption  tube  is  gently  shaken  from  time  to  time,  so  as  to 
bring  different  parts  of  the  diluted  blood  into  contact  with  the 
gas,  aud  the  changes  in  the  spectrum  are  noted. 

For  all  the  experiments,  care  was  taken  that  the  tubes  used 
were  of  a  uniform  calibre,  with  an  internal  diameter  of  12  mm. 
The  spectroscope  used  was  a  Browning  chemical  spectroscope, 
having  cross  wires  in  the  telescope  for  centralising  absorption 
bands.     The  slit  was  always  kept  of  the  same  width. 

I  shall  first  describe  the  naked-eye  changes,  which  occur  in 
diluted  blood  treated  with  hydrogen  sulphide,  in  the  manner 
indicated  above,  and  shall  next  consider  the  changes  in  the 
spectrum  of  blood  so  treated. 

Naked-Eye  Chavjgea, — The  diluted  blood,  which,  to  begin 
with,  is  of  a  bright  red  colour,  gradually  assumes  a  dark  red  hue. 
This  soon  changes  to  a  greenish  red,  and  eventually  to  an  olive 
green.  While  these  changes  are  in  progress,  the  solution  first 
becomes  turbid,  and  then  a  dirty  greenish  brown  precipitate, 
which  soon  settles  on  standing,  is  formed.  This  precipitate  con- 
sists of  sulphur  and  an  albuminous  substance.  The  olive  green 
colour  of  diluted  blood  treated  with  hydrogen  sulphide  is  per- 
manent, and  remains  unaltered  even  after  exposure  for  several 
days  to  the  action  of  the  air. 

Changes  in  the  Spectrum, — (a)  The  two  bauds  of  oxyhsemo- 
globin  between  Fraunhofer's  lines  D  and  E  gradually  become 
less  distinct,  while  the  interval  between  them  becomes  obscured. 
This  dimming  of  the  space  between  the  two  bands  points  to  a 
commencing  reduction  of  the  oxyhsemoglobin.  (6)  An  absorp- 
tion band  appears  between  the  lines  C  and  D.  This  band  is 
discernible  before  the  disappearance  of  the  two  bands  of  oxy- 
hsemoglobin— a  very  interesting  fact,  showing  that  the  com- 
pound, to  which  the  band  between  C  and  D  owes  its  presence, 
begins  to  be  formed  prior  to  the  complete  reduction  of  the 
oxyhsemoglobin.  (c)  As  the  band  between  C  and  D  becomes 
more  sharply  defined,  the  bands  of  oxyhaemoglobin  become 
&inter,  and  ultimately  disappear.    They  are  replaced  by  the 
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broad  band  of  reduced  hasmoglobin  between  D  and  E,  the 
darkest  part  of  which  occupies  the  space  formerly  existing 
between  the  bands  of  oxyhasmoglobin.  (d)  On  the  further 
action  of  the  gas,  the  band  of  reduced  haemoglobin  disappears, 
leaving  only  the  band  between  C  and  D.  (e)  This  band  ulti- 
mately vanishes,  after  the  continuous  action  of  the  gas  on  the 
diluted  blood,  for  several  hours.  It  is  worthy  of  notice  that, 
while  these  changes  are  taking  place,  there  is  a  gradual  absorp- 
tion of  certain  colours  of  the  spectrum,  viz.,  the  violet,  indigo, 
and  blue,  as  well  as  the  red  end.  The  obscuring  of  these  colours 
is  concurrent  with  the  changes  in  the  colour  of  the  diluted 
blood  acted  on  by  hydrogen  sulphide.  The  reduction  of  the 
oxyhsemoglobin  is  effected  in  a  very  short  space  of  time,  in  less 
time  them  when  hydrogen  or  carbon  dioxide  is  passed  through 
diluted  blood ;  but  this  apparently  specific  affinity  of  hydrogen 
sulphide  for  the  oxygen  of  oxyhsemoglobin  will  not  be  deemed 
very  remarkable,  if  one  remembers  that  the  gas  is  a  powerful 
reducing  agent. 

Diluted  blood  treated  with  hydrogen  sulphide,  and  showing 
the  band  between  C  and  D,  was  kept  in  hermetically  sealed 
tubes,  and  examined  from  time  to  time  with  the  spectroscope. 
The  band  was  found  to  persist  for  a  period  of  time,  varjring  from 
two  to  six  months. 

I  ascertained  the  wave-length  of  this  band,  following  the 
method  recommended  by  MacMunn,^  and  found  its  central  part 
to  have  a  wave-length  of  '000614  millimetre.  This  figure 
represents  an  average  of  some  fifty  observation&  On  comparing 
the  position  of  the  absorption  band  in  question  with  that  of  the 
band  of  acid  hsematin  between  C  and  D,  I  found  that  the  acid 
haematin  band  lay  nearer  C.     The  central  part  of  this  band  was 

^  MacMunn,  Spectroscope  in  Medicine,  1880,  pp.  81-33.  A  sheet  of  sectional 
paper,  ruled  in  square  inches  and  tenths  is  taken,  and  a  scale  of  wave-lengths 
ruled  off  along  the  right-hand  edge,  and  the  scale  of  the  spectroscope  marked  oa 
the  edge  at  right  angles  to  the  former.  The  value  of  the  wave-length  of  each 
Fraunhofer  line  being  known,  and  its  value  on  the  scale  of  the  instrument  having 
been  ascertained,  each  line  is  marked  in  its  proper  position  on  the  chart  The 
sites  of  the  principal  lines  are  then  joined  by  a  curve  drawn  through  them. 
Knowing  the  reading  of  any  absorption  band  on  the  scale  of  the  spectroscope, 
and  between  which  two  Fraunhofer's  lines  it  is  situated,  its  position  on  the  carve 
can  be  readily  found.  By  referring  to  the  right  edge  of  the  chart,  its  wave-length 
will  be  ascertained. 
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fiiand  to  have  a  wave-length  of  000636  millimetre.  Nor  did 
the  band  given  by  blood  treated  with  hydrogen  sulphide  coin- 
cide with  that  of  met-hsemoglobin,  between  C  and  D. 

When  discussing  the  probable  composition  of  the  compound 
to  which  the  band  between  C  and  D,  obtained  when  diluted 
blood  is  acted  on  directly  by  hydrogen  sulphide,  owes  its 
presence,  I  shall  have  occasion  to  consider  fully  the  views  of 
observers  on  that  point  Meanwhile,  I  will  give  a  succinct 
account  of  the  results  obtained  by  the  direct  action  of  hydrogen 
selenide  and  hydrogen  telluride  on  diluted  blood. 

Direct  Action  of  Hydrogen  Selenide  on  the  Blood-Pigment. 

As  in  the  case  of  hydrogen  sulphide,  the  hydrogen  selenide 
was  made  to  act,  in  an  absorption  tube  standing  over  mercury, 
upcm  blood  diluted  with  100  volumes  of  water  and  filtered. 
The  tube  was  gently  but  seldom  shaken,  while  the  diluted  blood 
was  being  examined  with  the  spectroscope ;  for  the  chemical 
action  of  hydrogen  selenide  is  somewhat  energetic,  and  it  was 
essential,  for  purposes  of  observation,  that  its  action  on  the 
blood-pigment  should' be  exerted  gradually. 

NakedrEye  Cficmges. — ^The  first  change  seen  is  a  cloudiness 
of  a  reddiBh-brown  hue,  which  begins  at  the  junction  of  the 
diluted  blood  with  the  gas,  and  gradually  pervades  the  whole 
solution.  The  diluted  blood  then  presents  a  reddish-brown 
tint  The  slight  turbidity  is  soon  followed  by  the  formation  of 
a  dirty  reddish-brown  precipitate,  which  settles  on  standing. 
These  changes  occur  very  rapidly  if  the  tube  be  much  shaken, 
and  a  reddish-brown  fi:^th  with  reddish  particles  in  it  collects 
on  the  surface  of  the  solution.  These  particles  are  probably 
particles  of  selenium  derived  from  the  partial  oxidation  of  the 
gas,  at  the  expense  of  the  oxygen  of  the  oxyhaemoglobin. 

After  the  precipitate  has  settled,  the  supernatant  liquid 
remains  quite  limpid.  I  have  seen  i,t  almost  colourless,  when 
the  diluted  blood  had  been  acted  upon  for  some  considerable 
time  by  the  gas. 

Changes  in  ike  Spectrum. — If  the  spectroscopic  examination 
of  the  diluted  blood  be  proceeded  with  immediately  after  the 
gas  has  come  in  contact  with  it,  the  following  successive  changes 
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in  its  spectrum  are  observed : — (a)  A  gradual  dimming  of  the 
interval  between  the  two  bands  of  oxyhaemoglobin,  while  these 
at  the  same  time  become  less  intense.  (&)  Before  the  disappear- 
ance of  these  bands,  there  appears  a  third  band  between  C  and 
D.  This  band  is  at  first  very  fiunt,  but  it  soon  becomes  more 
evident  and  sharply  defined  (c)  The  bands  of  oxyhsemoglobin 
eventually  disappear,  and  only  the  single  band  of  reduced 
hsBmoglobin  is  observed  between  D  and  E.  This  band  soon 
vanishes.  Sometimes,  the  reduced  haemoglobin  seems  to  de- 
compose as  soon  as  it  is  formed ;  for  the  only  indication  of  there 
being  reduced  hssmoglobin  in  the  solution,  the  dimming  between 
the  two  bands  of  oxyhsemoglobin  vanishes  simultaneously  with 
them,  (d)  The  band  between  C  and  D  ultimately  disappears, 
after  the  prolonged  action  of  the  gas  on  the  diluted  blood.  As 
in  the  use  of  diluted  blood  treated  with  hydrogen  sulphide,  there 
is  a  gradual  absorption  of  the  violet,  indigo,  and  blue,  as  well  as 
the  red  end  of  the  spectrum. 

Diluted  blood  treated  with  hydrogen  selenide  was  kept  in 
hermetically  sealed  tubes,  and  examined  occasionally  with  the 
spectroscope.  The  band  between  C  and  D  was  found  to  persist 
no  longer  than  from  two  to  four  days.  It  would,  therefore,  seem 
that  the  compound  to  which  it  is  due  is  less  stable  than  that 
obtained  by  the  action  of  hydrogen  sulphide  on  diluted  blood. 

The  wave-length  of  the  central  part  of  the  band  special  to 
blood  treated  with  hydrogen  selenide  was  measured  and  found 
to  be  '000626  millimetre.  It  is  therefore  obvious  that  it  is 
pearer  C  than  is  the  band  given  by  blood  treated  with  hydrogen 
sulphide.  Moreover,  the  band  does  not  coincide  with  that  of 
acid  hsematin  between  C  and  D. 

Direct  Action  of  Hydrogen  TeUuride  on  the  Blood-Pigment 

The  method  of  experimenting  was  the  same  as  that  adopted 
for  studjdng  the  action  of  hydrogen  sulphide  and  that  of 
hydrogen  selenide  on  the  blood  pigment. 

Naked-Eye  Changes. — Almost  immediately  on  introducing  the 
diluted  blood  into  the  tube  containing  the  gas,  a  cloudiness  of  a 
dark  brown  colour  is  observed  in  the  part  of  the  solution  in  con- 
tact with  the  gas.    This  cloudiness  soon  pervades  the  whole 
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solutioii,  which  becomes  in  a  short  time  quite  turbid.  A  pre- 
cipitate is  formed,  which  on  settling  is  seen  to  be  of  a  dirty  dark 
brown  colour,  with  blackish  particles  in  it.  These  are  probably 
particles  of  tellurium  resulting  from  the  partial  oxidation  of 
hydrogen  telluride.  The  precipitate  settles  on  standing,  and 
then  the  supernatant  liquid  has  a  decidedly  greenish-brown  tint. 

Changes  in  the  Spectrum. — (a)  The  two  bands  of  oxyhsemo- 
globin  become  less  intense,  while  the  interval  between  them  gets 
dim,  indicating  a  commencing  reduction  of  the  oxyhsemoglobin. 
(6)  A  third  band  appears  between  B  and  C,  even  before  the  dis- 
appearance of  the  two  bands  of  oxyhsemoglobin.  This  band  is 
nearer  the  red  end  of  the  spectrum  than  is  either  the  band 
given  by  blood  treated  with  hydrogen  sulphide,  or  that  specisd 
to  blood  acted  on  by  hydrogen  selenide.  (c)  The  oxyhaemo- 
globin  becomes  entirely  reduced,  and  only  a  single  band  is  seen 
between  D  and  E,  in  addition  to  the  band  in  the  red.  (d)  The 
band  of  reduced  haemoglobin  next  disappears,  leaving  only  the 
band  in  the  red  of  the  spectrum,  {e)  This  band,  in  its  turn, 
vanishes  after  the  prolonged  action  of  the  gas  on  the  diluted 
blood.  Besides  these  changes  in  the  spectrum,  the  violet,  indigo, 
and  blue  colours  of  the  spedtrum  are  powerfiiUy  absorbed,  after 
the  gas  has  been  acting  on  the  diluted  blood  for  some  minutes. 
There  is  also  some  absorption  at  the  red  end. 

The  band  in  the  red,  in  this  case,  disappears  quickly,  and 
seldom  persists  more  than  two  days,  if  blood  treated  with 
hydrogen  telluride  and  showing  this  band  in  its  spectrum,  be 
kept  in  hermetically  sealed  tubes. 

The  wave-length  of  the  central  part  of  this  band  was  deter- 
mined, and  found  to  be  '000665  millimetre. 

On  comparing  the  results  obtained  with  the  three  gases,  it 
will  be  seen  that  there  is  a  striking  analogy  between  their  mode 
of  action  on  the  blood-pigment.  All  these  being  powerful 
reducing  agents  reduce  the  oxyhaemoglobin  more  or  less  readily. 
But  besides  effecting  this  reduction,  they  exert  a  further  action 
on  the  reduced  hsemoglobin  resulting  in  its  decomposition  and 
the  formation  of  compounds  each  of  which  is  characterised  by 
an  absorption  band  special  to  it.  The  fact  that  the  band  of 
reduced  hsemoglobin  gradually  disappears,  leaving  only  the 
characteristic  band  to  the  left  of  D,  is,  to  my  mind,  a  clear 
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evidence  of  this  further  action.  The  compounds  formed  are 
ultimately  destroyed  by  the  prolonged  action  of  the  gases,  their 
destruction  being  marked  by  the  disappearance  from  the  spec- 
trum of  the  band  peculiar  to  each  of  them.  I  say  compounds, 
for,  as  has  been  pointed  out,  there  is  a  gradual  shifting  of  the 
characteristic  band  towards  the  red  end  of  the  spectrum, 
according  as  the  diluted  blood  is  acted  on  by  H^S,  H^Se,  and 
HgTe.  This  shifting  of  the  band  would  not  take  place,  if  the 
same  identical  compound  were  formed  in  each  case. 

Probahle  Composition  of  the  Compounds  formed  by  the  Action 
of  Hydrogen  SvZphide,  Hydrogen  Selenide,and  Hydrogen 
TeUuride,  on  diluted  Blood. 

As  regards  the  probable  composition  of  the  compound  to 
which  the  band  given  by  diluted  blood  treated  with  hydrogen 
sulphide  owes  its  presence,  I  may  refer  to  the  views  of  several 
observers,  who  have  experimented  with  this  gas. 

Eulenberg  believes  the  compound  to  be  of  the  nature  sulph- 
methsemoglobin;^  whereas  Lankester  calls  it  sulph-heQmoglobin.^ 

According  to  Rauffmann  and  Rosenthal,  the  compound  is  identical 
with  hsBmatin.**  "  One  sees  near  the  band  of  reduced  htemoglobin 
the  characteristic  band  of  haematin.  The  latter  is  always  more 
distinct  than  the  former,  and  after  some  time  only  heematin  remains, 
and  there  is  no  more  haemoglobin  in  the  solution." 

Hoppe-Seyler,*  while  regarding  the  compound  as  being  very 
similar  to  methsemoglobin,  considers  it  to  be  a  sulphur  compound  of 
htematin  and  haemoglobin.  This  compound,  he  asserts,  is  decom- 
posed by  the  prolonged  action  of  hydrogen  sulphide  into  sulphur,  an 
albuminous  substance,  and  a  third  compound  to  which  the  olive 
green  colour  of  blood  so  treated  is  due,  and  which  contains  all  the 
iron  of  the  haemoglobin. 

In  the  face  of  such  diversity  of  opinion  on  the  nature  of  the 
compound,  it  is  well,  I  think,  to  sift  the  subject  out,  and,  by 
giving  reasons  for  or  against  the  adoption  of  any  particular 
view,  to  try  to  arrive  at  some  conclusion  as  to  the  composition 
of  the  compound  in  question. 

^  Dngenorff,  Manuel  de  Tospieologief  trans,  by  Gautier,  18S6,  p.  107. 
'  Lankester,  Jour,  Anat.  and  Fhys.,  iv.,  1870,  pp.  124  and  125. 

•  Archiv/Hr  Anat.  und  Physiol,,  1865,  p.  660. 

*  ZeUaeh,  fUr  Physiol.  ChemU,  i.,  1877,  p.  184 ;  Med,  Cfhem,    Uhter,,  L   p. 
299. 
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Andy  first,  is  the  compound  methcBmoglobin,  or  a  cowhin-t 
aiicn  of  methasnioglobin  with  hydrogen,  sulphide  /-r— Although 
the  compound  resembles  methaemoglobin  in  powerfully  absorbing 
violet  and  blue  light,  it  differs  from  methsBmoglobin  in  this, 
that  its  characteristic  band  in  the  spectrum  does  not  coincide 
with  the  band  of  the  latter  compound  between  C  and  D. 
Moreover,  the  compound  is  not  reduced  on  the  addition  of 
ammonia  and  ammonium  sulphide,  whereas  methsemoglobin  is, 
And,  indeed,  if  one  remembers  that  hydrogen  sulphide  is  a 
powerful  reducing  agent,  and  that  methsBmoglobin  is  obtained 
by  the  action  of  oxidising  agents  on  oxyhsemoglobin  or  reduced 
hemoglobin,  one  will  not  {jeiil  to  perceive  that  there  is  little 
likelihood  of  the  compound  being  methsemoglobin.  The  forma- 
tion of  methsemoglobin  in  this  instance  is,  to  my  mind,  in  the 
highest  degree  improbable.  Nor  is  there  auy  evidence  in  favour 
of  the  compound  being  a  combination  of  methaamoglobin  v^ith 
hydrogen  sulphide. 

Is  it  a  compawnd  of  hydrogen  stdphide  with  hamioglchini^^ 
It  is  well  known  that  several  gases  combine  with  haemoglobin  to 
form  compounds  which  are  more  or  less  stable.  For  instance, 
carbon  monoxide  (CO)  and  nitric  oxide  (NO)  form  with  haBmo- 
globin  comparatively  stable  compounds,  capable  of  resisting  the 
action  of  reducing  agents ;  while  oxygen  combines  with  it  to 
form  a  more  easily  decomposable  one.  These  compounds  are 
crystalline,  they  are  isomorphous,  and  they  give  two  absorption 
bands  in  the  spectrum  between  the  lines  D  and  K  These  two 
bands,  it  is  true,  undergo  a  slight  shifting  in  the  case  of  carbonic 
oxide-hsBmoglobin,  and  they  are  less  intense  than  those  of 
oxyhaemoglobin  in  the  case  of  nitric  oxide-haemoglobin ;  but  the 
&ct  remaios  that,  for  the  three  compounds  above  mentioned, 
the  general  form  of  spectrum  remains  the  same — two  absorption 
bands  between  D  and  £ ;  and  this  is  true  not  only  of  the  com- 
pounds I  have  instanced,  but  also  of  other  combinations  of  haemo- 
globin with  such  gases  as  acetylene  and  cyanogen.  Now,  what 
happens  when  diluted  blood  is  acted  on  by  hydrogen  sulphide? 
It  is  needless  for  me  to  repeat  in  detail  what  I  have  fully  stated 
elsewhere.  Suffice  it  to  say  that  there  is  spectroscopic  evidence 
to  show  that  a  gradual  reduction  of  the  oxyhaemoglobin  occurs, 
followed  by  a  decomposition  of  the  reduced  haemoglobin.    The 
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only  absorption  band  that  is  characteristic  of  the  direct  action 
of  hydrogen  sulphide  on  blood,  is  the  band  between  C  and  D. 
When  diluted  blood  treated  with  hydrogen  sulphide,  and  giving 
only  this  band,  is  exposed  to  the  action  of  air,  or  to  that  of  oxygen, 
in  a  tube  standing  over  mercury,  the  band  eventually  disappears, 
but,  as  I  have  found,  neither  the  bands  of  oxyhemoglobin,  nor 
that  of  reduced  hsamoglobin  reappears.  The  spectroscope  then 
reveals  the  fact  that,  as  a  result  of  the  direct  action  of  hydrogen 
sulphide  on  diluted  blood,  haemoglobin  disappears  altogether 
from  the  solution,  and  that  a  new  compound  is  formed,  which 
gives  a  band  between  C  and  D.  This  compound  differs  from 
several  known  compounds  of  hasmoglobin  with  gases,  in  having 
a  form  of  spectrum  different  from  theira.  Moreover,  neither 
putrefaction  nor  prolonged  contact  with  air  or  oxygen  con  dis- 
sociate it  into  haemoglobin  and  hydrogen  sulphide  or  sulphur. 
Now,  even  the  stable  CO-Hb  is  decomposed  by  prolonged  con- 
tact with  oxygen  (Gamgee,  Zuntz).  There  is,  therefore,  some 
evidence  against  the  compound  being  Hb-HjS ;  whereas  not  a 
single  plausible  argument  in  favour  of  its  being  the  latter  com- 
pound can  be  adduced.^ 

I8  the  compound  identical  with  hcemcUin  ?— Haemoglobin  is, 
as  a  rule,  decomposed  into  hsematin  and  a  colourless  proteid 
closely  related  to  globulin,  by  the  addition  of  acids.  Strong 
acids  decompose  it  readily ;  weak  acids  more  gradually. 
Hydrocyanic  acid,  indeed,  forms  an  exception,  for  it  combines 
with  haemoglobin  to  form  a  crystalline  compound,  giving  a 
spectrum  different  from  that  of  haematin.  Now,  the  reaction 
of  hydrogen  sulphide  is  slightly  acid;  and,  when  diluted  blood 
is  treated  with  the  gas,  its  reaction  becomes  slightly  acid,  and  a 
precipitate  is  formed,  which  consists  of  an  albuminous  substance 
and  sulphur.  This  being  so,  it  seems,  at  first  sight,  quite  natural 
to  suppose,  with  Kaufmann  and  Rosenthal,  that  the  band  be- 
tween C  and  D  is  due  to  haematio.     But  Hoppe-Seyler  has  shown 

^  I  am  not  aware  that  there  is  a  precedent  of  a  compound  of  haemoglobin  with 
a  gas,  a  compound  with  properties  as  well  established  as  those  of  CO-Hb  or  NO-Hb, 
giving  an  absorption  band  between  C  and  D.  It  is  true  that  methsmoglobin, 
which  has  one  of  its  bands  between  C  and  D,  is  regarded  by  some  as  a  peroxidiaed 
haemoglobin,  a  view  to  which  Hoppe-Seyler  is  opposed.  It  contains  more  O  than 
Hb-0,,  but  the  extra  oxygen  is  combined  with  the  iron  of  the  latter  compound 
(Haminger)» 


ACTION  OF  HYDROGEI^  COMPOUNDS  ON  HiEMOGLOBIN.       73 

that  the  compound  differs  from  hsematin  in  this,  that  it  is  not 
reduced  by  the  addition  of  ammonia  and  ammonium  sulphide. 
The  bands  of  reduced  haematin  do  not  appear  in  the  green  of 
the  spectrum.  Moreover,  as  has  been  pointed  out,  its  character- 
istic band  does  not  coincide  with  that  of  acid  hsematin  between 
C  and  D.^  But  for  these  indications  to  the  contrary,  one  would 
be  inclined  to  say  that  the  compound  was  haematin ;  for  hydrogen 
snlphide  acts  after  the  manner  of  a  weak  acid. 

There  is  8(yme  evidence  against  the  compound  being  hcematin ; 
but  since  the  formation  of  hoematin  is  possible,  may  it  not  be 
that  hydrogen  sulphide  combines  with  fuematin,  as  soon  as 
this  is  formed^  to  form,  a  ne%v  compound  1 — It  is  well  known 
that  the  crystalline  compound  hsemin  is  a  cbloride  of  hsematin. 
In  this  compound  the  haematin  is  combined  with  two  molecules 
of  hydrochloric  acid  (Haematin  +  2  HCl). 

Again,  if  ammonia  gas  be  passed  for  a  considerable  time 
through  diluted  blood,  a  band  appears  between  C  and  D.^ 
Now,  caustic  alkalies  determine  the  decomposition  of  haemo- 
globin into  haematin  and  a  substance  related  to  globulin ;  and, 
no  doubt,  the  ammonia  gas  acts  in  this  way.  But  there  appears 
to  be  a  combination  of  the  excess  of  ammonia  with  the  haematin 
formed.  Nay,  the  compound  seems  to  be  fairly  stable,  for  it  is 
only  by  heating  it  above  ISO""  C.  that  the  ammonia  can  be 
expelled.^  There  is,  therefore,  a  strong  probability  that  the 
band  between  C  and*D  is  due,  in  this  instance,  to  a  compound 
of  haematin  with  ammonia.  The  property  of  haematin  to  com- 
bine with  HCl  and,  as  seems  probable,  with  NHg,  inclines  one  to 
admit  the  probability  of  the  compound  obtained  by  the  action 
of  HjS  on  blood  being  a  combination  of  haematin  with  this  gas. 
While  not  quite  committing  myself  to  the  view  that  the  band 
between  C  and  D  ia  due  to  a  compound  of  haematin  with  HjS, 
I  am  disposed  to  regard  the  formation  of  such  a  compound  as 
being  very  probable. 

For  reasons  similar  to  those  given  in  the  case  of  hydrogen 

'  Haematin  in  acid  solntion  gives  four  bands,  the  most  intense  of  which  is  between 
C  and  D. 

^BuU.  de  la  Soc  Chem,,  1868,  p.  210.  According  to  Kosohlakoff  and 
Bogomoloff,  NH]  appears  to  destroy  heemoglobin-O,  without  reducing  it  and 
without  the  formation  of  hiematin.     This  statement  lacks  confirmation. 

'  Gautier,  Chimie  applique  d  la  M^edne,  1875,  p.  479. 
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sulphide^  it  is  not  likely  that  the  compounds  obtained  when 
diluted  blood  is  treated  with  hydrogen  selenide  and  hydrogen 
telluride  are  combinations  of  these  gases  with  hsBmoglobin  or 
methaBmoglobin.  Nor  are  they  hsematin,  although  blood  acted 
on  by  both  gases  has  a  slightly  acid  reaction.  One  cannot,  how- 
ever, but  allow  that  hsematin  may  combine  with  the  two  gases 
to  form  compounda 

Whatever  be  the  real  nature  of  the  compounds  obtained  when 
diluted  blood  is  treated  with  the  three  gases,  the  £eu;t  remains 
that  the  same  general  form  of  spectrum  persists  for  them  all — 
a  single  band  to  the  left  of  D.  It  is  also  worthy  of  notice  that 
the  characteristic  band  shifts  towards  the  red  end  of  the  spec^ 
trum,  as  the  molecular  weights  of  the  compounds  increase.  So 
that  the  band  of  the  compound  with  the  highest  molecular 
weight,  the  compound  formed  by  H^Te,  lies  nearest  the  red  end ; 
the  band  of  the  compound  with  the  lowest  molecular  weight, 
that  formed  by  HgS,  is  furthest  from  the  red  end ;  and  the  band 
of  the  compound  formed  by  HjSe  holds  an  intermediate  position 
in  the  spectrum.  This  I  consider  to  be  a  striking  example  of 
the  relationship  between  the  spectroscopic  appearances  and  the 
chemical  composition  of  substances  which  may  be  said  to  be  of 
the  same  chemical  group. 

1$  the  hand  to  the  left  of  D  characteristic  of  blood  acted  on 
direcUy  by  H^S,  HgSe,  or  HgTe,  of  any  medico-legal  im/portancef 
-^ Although  there  can  be  no  doubt  about  hydrogen  selenide  and 
hydrogen  telluride  being  extremely  poisonous,  more  so  indeed 
than  hydrogen  sulphide,  yet  poisoning  by  them  is  not  likely  to 
occur  except  among  persons  engaged  in  preparing  them.  It  is 
otherwise,  however,  in  the  case  of  hydrogen  sulphide.  Acci- 
dental poisoning  by  this  gas  does  sometimes  occur  among  men 
engaged  in  the  cleaning  of  drains  and  sewers.  It  is,  therefore, 
chiefly  in  reference  to  hydrogen  sulphide  that  I  set  myself  to 
answer  the  above  question.  Experiments  were  also  made  with 
hydrogen  selenide  and  hydrogen  telluride  to  compare  their 
action  on  the  blood  with  that  of  hydrogen  sulphide  when  inhaled 
by  animals. 

The  method  of  experimenting  consisted  in  poisoning  rabbits 
and  guinea-pigs  with  either  of  the  three  gases,  and  examining 
their  blood  with  the  spectroscope,  as  soon  as  possible  after  death. 
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It  is  scarcely  necessary  to  give  here  the  symptoms  of  poisoning 
by  hydrogen  sulphide.  They  are  fully  discussed  in  works  on 
Toxicology.  Nor  need  the  symptoms  caused  by  hydrogen  sele- 
nide  and  hydrogen  telluride  detain  me  long.  Suffice  it  to  say 
that  in  poisoning  by  hydrogen  selenide  there  is  every  indication 
of  considerable  irritation,  e.g,y  lacrymation,  discharge  of  mucus 
bom  the  nose,  sneezing,  followed  by  dyspnoea,  convulsions  and 
death.  The  symptoms  due  to  hydrogen  telluride  are,  in  the 
main,  similar  to  those  caused  by  hydrogen  selenide,  except  that 
irritation  of  mucous  membranes  is  much  less  marked.  On  post- 
mortem  examination  a  reddish  deposit  is  found  on  the  mucous 
membrane  of  the  nose,  trachea,  and  bronchi  of  animals  poisoned 
by  hydrogen  selenide,  and  a  blackish  deposit  in  the  case  of 
animals  poisoned  by  hydrogen  telluride.  The  deposit  was 
especially  noticeable  in  cases  of  poisoning  by  the  former  gas. 

The  bloo<]  of  rabbits  and  guinea-pigs  poisoned  by  either  of 
the  three  gases  is  in  every  case  darker  than  normal.  On  spec- 
troscopic examination,  the  two  absorption  bands  of  oxyhsemo- 
globin  were  invariably  seen,  but  the  interval  between  them 
was  markedly  dimmed.  Never  was  an  absorption  band  seen  to 
the  left  of  D,  either  between  C  and  D  or  between  B  and  C. 
From  this  fact  I  infer  that  hydrogen  sulphide,  hydrogen  selenide, 
and  hydrogen  telluride,  when  inhaled,  effect  only  a  partial  re- 
daction of  the  oxyhsemoglobin  of  the  blood,  and  that  their  fur- 
ther action  on  the  blood-pigment,  resulting  in  its  decomposition 
and  the  formation  of  new  compounds,  does  not  take  place,  the 
animals  dying  before  the  oxyhsemoglobin  is  completely  reduced. 

The  single  absorption  band  charactenstic  of  blood  treated 
outside  the  body  with  hydrogen  sulphide,  hydrogen  selenide, 
and  hydrogen  telluride,  is  of  no  medico-legal  value,  inasmuch  as 
in  poisoning  by  those  gases,  death  supervenes  before  they  have 
had  time  to  exert  their  special  action  on  the  blood-pigment. 

MoiTTBSAL,  ISth  July  1891. 


SECOND  ANNUAL  REPORT  OF  THE  COMMITTEE 
OF  COLLECTIVE  INVESTIGATION  OF  THE  ANA- 
TOMICAL  SOCIETY  OF  GREAT  BRITAIN  AND 
IRELAND  FOR  THE  YEAR  1890-91.^  Reported  by 
Arthur  Thomson,  M.A.,  M.B.,  Lecturer  on  Aifiatoniy, 
University  of  Oxford, 

The  following  questions  were  issued  by  the  Committee  of 
Collective  Investigation  of  the  Anatomical  Society  early  in 
October  1890  :— 

1.  Mode  of  origin  of  the  following  vessels,  usually  described 

as  branches  of  the  thyroid  axis,  viz.,  inferior  thyroid, 
suprascapular,  ascending  cervical,  and  transverse  cervical 
arteries. 

2.  Mode  of  distribution  of  the  last  dorsal  and  first  lumbar 

nervea 
8.  To  note  in  each  subject  the  distance  of  the  lower  margin 
of  the  kidney  on  each  side  from  the  iliac  crest.     The  sex 
of  the  subject  to  be  stated,  and  any  naked-eye  evidence 
of  disease  of  the  organs  to  be  recorded. 

4.  The  distribution  of  the  cutaneous  nerves  on  the  dorsum  of 

the  foot  and  toes. 

5.  To  note  the  occurrence  of  a  diverticulum  ilei  (Meckel's), 

in  each  case  giving  details  of  its  position  and  con- 
nections. It  is  particularly  requested  that  the  number 
of  subjects  examined  be  recorded,  whether  the  diver- 
ticulum be  present  or  no. 

The  returns  have  been  most  gratifying  in  point  of  numbers, 
and  are  a  decided  improvement  on  last  year's  Report.  Twenty 
of  the  thirty-nine  institutions  to  which  notices  were  sent  have 
participated  in  the  scheme  and  have  returned  answers  to  some, 
if  not  to  all,  the  questions.  The  Universities  and  the  larger 
provincial  schools  are  now  well  represented,  and  as  the  material 
at  their  command  is  extensive,  their  co-operation  greatly 
enhances  the  value  of  the  report. 

^  The  First  Report  appeared  in  the  Journal  ofAtiatomy  and  Physiology,  October 
1890. 
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In  three  instances  schools  which  sent  in  returns  last  year  have 
taken  no  share  in  the  present  report. 

Subjoined  is  a  list  of  the  schools  to  which  notices  were  sent. 
An  asterisk  is  placed  opposite  those  from  which  returns  have 
been  received : — 


St  Bartholomew's  Hospital,  Lon- 
don. 

*Charing  Cross  Hospital,  London. 

*St  George's  Hospital,  London. 

Gqjt's  Hospital,  London. 

King's  College,  London. 

London  Hospital,  London. 

*St  Mary's  Hospital,  London. 

^Middlesex  Hospital,  London. 

St  Thomas'  Hospital,  London. 

*Umver8ity  College,  London. 

''^Westminster  Hospital,  London. 

^London  School  of  Medicine  for 
Women. 

Cook's  School  of  Anatomy. 

*Univereity  of  Oxford. 

University  of  Cambridge. 

"^Queen's  College,  Birmingham. 

^Bristol  Medical  School. 

^hool  of  Medicine,  Yorkshire 
College,  Leeds. 

*School  of  Medicine,  University 
College,  Liverpool. 

*The  Owens  College,  Manchester. 

Medical  School,  Firth  College, 
Sheffield. 


♦University  of  Durham  School  of 
Medicine,  Newcastle-on-Tyne. 

♦University  of  Edinburgh. 

School  of  Medicine,  Koyal  College 
of  Surgeons,  Edinburgh. 

♦School  of  Medicine,  Minto  House, 
Edinburgh. 

University  College,  Dundee. 

School  of  Medicine  for  Women, 
Edinburgh. 

♦University  of  Aberdeen. 

♦University  of  Glasgow. 

Anderson  College,  Glasgow. 

St  Mungo's  College,  Glasgow. 

Western  Medical  School,  Glasgow. 

♦School  of  Physic,  Trinity  College, 
Dublin. 

Carmichael  School  of  Medicine, 
Dublin. 

♦Catholic    University  School   of 
Medicine,  Dublin. 

Royal  College  of  Surgeons,  Ire- 
land. 

Queen's  College,  Belfast. 

Queen's  College,  Cork. 

Queen's  College,  Galway. 


REPORT. 

Question  I. 

A  large  number  of  replies  to  the  question  on  the  branches  of 
the  thyroid  axis  have  been  sent  in,  and  the  Committee  heartily 
thank  the  following  gentlemen  for  their  assistance : — 

Messrs  James  Musgrove,  University  of  Edinburgh ;  Gordon  Brodie, 
Middlesex  Hospital,  London;  C.  Devereux  Marshall,  University 
College,  London ;  J.  J.  Long,  Trinity  College,  Dublin ;  P.  R.  W.  Santi, 
School  of  Medicine,  Newcastle-on-Tyne ;  J.  Symington,  Minto  House, 
Edinbui^h;  W.  Thelwall  Thomas,  University  College,  Liverpool; 
J.  A.  H.  White,  Queen's  College,  Birmingham;  Edward  Fawcett, 
Yorkshire  College,  Leeds ; ,  St  Mary's  Hospital,  London ; 


78  BXPOBT  OF  COMMITTEE  OF  CX)LLECTiyE  INVESTIGATION  OF 

A.  Robinson  and  J.  B.  Carter,  The  Owens  College,  Manchester ;  James 
Black,  Westminster  Hospital,  London ;  Hugh  Sutherland,  University 
of  Aberdeen ;  P.  Brady  and  J.  Dunne,  Catholic  University  School  of 
Medicine,  Dublin ;  A  Thomson,  University  of  Oxford ;  Misses  Piercy 
and  Bate,  London  School  of  Medicine  for  Women. 

It  has  been  found  somewhat  difficult  to  summarise  the  results  ob- 
tained. It  was  felt  that  minute  descriptions  of  the  various  anomalies 
met  with  would  convey  but  a  poor  impression  of  the  arrangement  of 
the  various  vessels ;  on  the  whole,  it  appeared  best  to  tabulate  the 
results  in  a  graphic  manner  (see  Tables  I.  and  II.).  In  Table  L,  we 
have  the  nine  most  common  modes  of  arrangement,  placed  in  order 
according  to  their  frequency.  The  figures  on  the  table  indicate  the 
number  of  cases  recorded  out  of  a  total  of  544,  and  subjoined  is  also 
the  percentage  of  occurrence  of  each  type,  the  types  being  lettered  A, 

B,  C,  <&c.,  for  convenience  of  reference ;  where  types  are  more  or  less 
allied,  then  the  figures  are  lettered  thus— Pi,  P«,  P»  (Table  II.). 

In  Table  II.  we  have  twenty-seven  modes  of  arrangement  figured ; 
as  they  are  not  so  frequently  met  with,  they  have  been  printed  off  on 
a  reduced  scale.  The  numbers  of  their  occurrence  out  of  the  total  of 
544  cases  examined  only  has  been  given.  The  percentage  of  fre- 
quency has  been  omitted. 

It  may  be  said  here  that  an  effort  has  been  made  to  restrict  as  &r 
as  possible  the  number  of  types,  and  the  slighter  variations  have 
been,  when  possible,  included  under  what  may  be  termed  the  more 
common  type.  Again,  latitude  has  been  allowed  in  reference  to  the 
exact  points  of  origin  of  the  aberrant  arteries,  f.e.,  whether  they 
arise  from  the  11.  or  IIL  parts  of  the  subclavian.  On  the  whole, 
however,  the  tables  will  be  found  to  represent  fairly  accurately  the 
numerous  variations  observed  in  the  course  of  this  investigation. 

The  various  arteries  are  lettered  as  follows  : — Inferior  thyroid,  I.T. ; 
ascending  cervical,  A.C. ;  transverse  cervical,  T.C. ;  suprascapular, 
S.S. ;  superficial  cervical,  S.C. ;  posterior  scapular,  P.S. ;  internal 
mammary,  LM. ;  vertebral,  V. 

As  far  as  possible  only  those  branches  of  the  subclavian  which  are 
usually  offsets  of  the  thyroid  axis  are  represented  in  the  figure,  as  the 
enumeration  of  other  details  might  tend  to  obscure  the  results  desired. 
As  to  the  relative  frequency  of  variations  on  the  right  and  left  sides  of 
the  neck,  the  results  obtained  are  not  such  as  to  enable  us  to  draw  any 
definite  conclusions ;  indeed,  there  appears  to  be  no  greater  tendency 
for  the  occurrence  of  these  varieties  on  one  side  more  than  the  other. 

Dr  Robinson,  of  The  Owens  College,  Manchester,  describes  a  case 
in  which  the  posterior  scapular  artery  arose  as  a  branch  from  the 
superior  intercostal,  and  Mr  P.  Brady  and  Mr  J.  Dunne  record  a  case, 
in  the  report  from  the  Catholic  University  Medical  School,  Dublin, 
wherein  the  inferior  thyroid,  which  was  a  branch  of  the  thyroid  axis, 
was  double,  the  two  trunks  embracing  the  common  carotid  artery. 

No  attempt  has  been  made  to  classify  the  difierent  arteries  accord- 
ing to  the  sources  from  which  they  arise.  Should  this  be  desirable, 
the  means  for  doing  so  are  readily  accessible  in  Tables  I.  and  IL 


AKATOMIOAL  SOCIETY  OF  GREAT  BRITAIN  AND  IRELAND.     79 


Hi 

o         1 

H 

<        M 

*A 

""^m^ 

n 

e5 

o# 

A 

^^ 

CO  a 

80  REPORT  OF  COMMITTEE  OF  COLLECTIVE  IMVESTIOATION  OF 


Table  II. — Variations  in  the  Branches  of  the  Thyroid  Axis. 

Total  number  exami/ned  544. 
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QuEsrnoN  U 

The  replies  to  this  qnestioiiy  on  the  distribution  of  the  last 
dorsal  and  first  lumbar  nerves,  are  few  in  number.  This  is 
readily  explained,  for  to  have  answered  fiilly  would  have 
necessitated  a  very  careful  supervision  of  the  dissections  at 
various  stages,  and  several  teachers  have  written  to  the  secre- 
tazy  regretting  that  they  have  had  to  abandon  the  investigation 
owing  to  the  uncertain  and  unsatisfactoiy  nature  of  the  results 
obtained  by  their  assistants. 

The  following  sent  in  reports : — ^Messrs  Montague  Griffin,  Trinity 
College,  Dublin ;  Walter  Chapman,  Queen's  College,  Birmingham ; 
Gordon  Brodie,  Middlesex  Hospital,  London.  The  Misses  Piercy  and 
Bale,  London  School  of  Medicine  for  Women. 

In  arranging  the  facts  observed,  the  variations  only  are  noticed  in 
the  following  summary,  accepting  as  normal  that  arrangement  which 
is  described  in  the  standard  English  text-books. 

Eighty-three  subjects  have  been  examined,  and  details  thought 
worthy  of  note  by  the  various  observers  are  enumerated  in  the  sub- 
joined report 

Mr  MoKTAOUB  Griffin  in  this  connection  sends  an  interesting  note 
in  regard  to  the  nerve  supply  of  the  pjramidalis  : — '*  I  have  been 
able,"  writes  he,  "  to  verify  the  nerve  supply  of  this  muscle  in  only 
seven  cases.  In  others,  where  the  nerve  bad  been  found,  previous 
dissection  had  destroyed  its  connections.  When  found  it  was  always 
by  the  adoption  of  one  method.  The  sheath  of  the  muscle  was 
opened,  the  apex  detached  from  the  linea  alba,  and  the  muscle 
reflected  downwards,  carefolly  looking  for  any  filament  of  nerve 
entering  its  posterior  suriace.  The  first  nerve  which  was  seen  enter- 
ing its  posterior  sur&ce  was  proved,  on  tracing  it  outward,  to  arise 
on  each  side  from  the  ilio-hypogastric ;  it  passed  inwards  on  both 
sides  beneath  the  pillars  of  the  ring.  The  remaining  six  nerves 
observed  supplying  the  muscle  came  from  the  last  dorsal  nerve.  The 
nerve  pierces  the  substance  of  the  rectus  muscle  about  the  middle  of 
the  posterior  surface  of  the  pyramidalis.  The  last  nerve  supply 
which  I  found  would,  I  thought,  have  verified  the  condition  which 
EIliB  describes  as  the  normal.  A  nerve  filament  passed  up  oat  of  the 
inguinal  canal,  seemingly  from  the  ilio-inguinal  nerve,  and  passing 
b^Qeath  the  pillars  of  the  ring  entered  the  posterior  suriace  of  the 
moscle.  However,  further  examination  of  this  subject  proved  that 
this  was  the  case  where  the  last  dorsal  nerve  played  the  part  of  the 
ilio-inguinal — it  would  seem  as  if,  having  gone  on  another  man's 
errand  in  supplying  the  inguinal  region,  it  recollected  itself  and  sent 
back  a  twig  to  periorm  what  seems  to  be  one  of  its  normal  duties — 
the  nerve  supply,  of  the  pjramidalis." 

VOL.  XXVL  (N.S.  VOL.  VL)  F 
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Question.  IIL 

The  following  observers  hare  furnished  reeoids  of  the  distance 
of  the  kidneys  from  the  iliac  crest  :*^ 

Messn  J.  H.  M'Gee,  Catholic  Uniyersitj  lledical  School,  Dublin ; 

P.  Macleod  Yearsley,  Westminster  Hospital; ,  St 

Mary's  Hospital ;  F.  H.  Marston,  Queen's  College,  Birmingham ; 
J.  H.  Teacher,  University  of  Glasgow;  Gordon  Brodie,  Middlesex 
Hospital ;  Edward  Fawoett,  Yorkshire  College,  Leeds ;  James 
Musgrove,  University  of  Edinbaigh ;  A.  Robinson^  Owens  College, 
Manchester;  W.  H.  Thomson,  Trinity  College,  Dublin;  A«  H. 
Walker,  Charing  Cross  Hospftal;  A.  Thomson,  University  of  Oxford. 

Here  again  an  effort  has  been  made  to  combine  the  advantages  of 
a  numeric^  and  graphic  method ;  Tables  III.  and  lY.  show,  fJaced 
side  by  side,  the  results  obtained  by  such  an  arrangement  of  the 
measurements  in  the  males  and  females  respectively.  The  central 
cohunQ  in  each  figure  represents  in  inches  and  corresponding  milli- 
metres the  distance  above  and  below  the  iliac  crest.  On  either  side  is 
arranged  in  black  blocks,  drawn  to  scale,  the  number  of  cases  which 
ha;re  been  noted  in  which  the  lower  border  of  the  organ  corresponds 
to  the  level  shown  on  the  scale  above  or  below  the  iliac  crest 

A  glance  at  the  chart  will  prove  how  misleading  an  average  may 
be,  and  for  this  reason  no  attempt  has  been  made  to  summarise  the 
results.  A  curve  uniting  the  extremes  of  the  black  blocks  will  more 
correctly  express  the  facts.  The  somewhat  striking  differences  to  be 
noted  between  the  number  of  cases  recorded  at,  say  1  inch  above  the 
ihac  crest  and  those  at  li  inch,  is  readily  explained  by  reason  of  the 
tendency  to  avoid  small  mictions  of  an  inch ;  if,  therefore,  we  would 
disregard  all  measuremeuts  below  ^  of  an  inch,  we  are  likely  to  get 
results  more  generally  unilbrm,  and  yet  sufficiently  accurate  for  all 
purposes. 

Ip  the  males  in  one  case,  where  both  kidneys  lay  on  a  level  with 
the  iliac  crest,  the  liver  was  much  enlarged.  In  another  case,  where 
the  kidneys  lay  at  or  about  this  level,  they  still  retained  their  foetal 
segmentation.  Two  cases  were  noted  as  cirrhotic,  which  lay  about 
1  and  2  inches  respectively  above  the  crest ;  and  one  case,  where  the 
left  kidney  lay  2^  inches  above  the  crest,  the  organ  was  remarkable 
for  its  very  small  siza 

Among  the  females,  a  subject  was  examined  in  which  the  kidneys 
could  be  moved, — ^the  right  from  a  point  |  of  an  inch  below  the  crest 
to  a  point  f  of  an  inch  above  the  crest,  the  left  from  a  point  1  inch 
below  the  crest  to  a  point  1^  inch  above  the  crest.  In  another 
subject,  in  which  the  spinal  column  was  curved  laterally  to  the  right 
in  the  lumbar  region,  the  right  kidney  lay  |  of  an  inch  below  the 
fltao  cfest.  In  a  case  where  the  left  kidney  lay  1^  inch  below  the 
iliac  crest  the  oigan  itself  was  enlarged,  as  also  was  the  spleen; 
the  gall-bladder,  too,  was  much  distended.    In  another  case  in  which 


84   BEFORT  OF  COUHITTEE  OF  COLLECTIVE   INTESnOATION  OF 

Table  III— Jfai». 
Kwft 


12 
* 

W 
S 
6 

A 

2 
8 

4 

1 

1 


s 


AITATOHICAL  SOCIETT  OF  GREAT  BBtTAm  AND  IBBLAin).   85 

Table  JV.—Femalee. 


86  BBPOBT  OF  OOMMirrSB  OF  OCHJJBCmVE  INVBSnOJLTIOK  OF 

the  left  kidney  lay  on  a  level  with  the  iliac  crest,  a  much-enlarged 
spleen  was  noticed.  This  was  also  the  case  in  a  subject  in  which  the 
left  kidney  lay  If  inch  above  the  crest  In  three  cases,  where  the 
kidneys  lay  at  or  near  the  leveLof  the  crest,  the  organs  were  noted  as 
enlarged  and  fatty. 

Dr  W.  H.  Thomson,  of  Trinity  College,  Dublin,  appends  the  follow- 
ing note  to  his  report : — 

"  The  kidneys  of  the  female  were  found  to  be  on  a  lower  level  than 
those  of  the  male.  This  is  not  only  indicated  by  the  average,  but  it 
becomes  more  clearly  shown  when  the  individual  cases  are  examined 
Thus,  eight  of  the  twentynseven  female  kidneys  on  the  right  side 
and  five  on  the  left  were  either  as  low  as,  or  lower  than  the  crest, 
while  only  two  of  the  right  male  kidneys  and  none  of  the  left  were  in 
contact  even. 

"  This  suggested  the  influence  of  tight  lacing  in  some  at  least  of 
the  female  subjects.  In  one  female  subject,  in  wUch  there  was  much 
evidence  of  extreme  tight  lacing  (other  than  that  indicated  by  kidney 
level),  it  was  found  that  the  kidney  was  very  high  up  above  the  iliac 
crest,  in  Ikct  completely  hidden  by  the  liver,  which  was  apparently 
displaced  downwards.  Moreover,  the  organ  was  very  spiall,  that 
is,  apparently  atrophied  from  the  pressure  which  the  liver  exerted 
upon  it." 

The  same  observer  notes  the  average  distance  of  the  centre  of  the 
curve  of  the  lower  border  of  the  kidney  from  the  mid-dorsal  line  as 
7*25  cm.  on  the  right  side  in  males  and  7  cm.  on  the  left.  This 
latter  distance  was  also  found  to  be  the  average  on  both  sides  in  the 
female  subject. 

Mr  J.  H.  Teacher,  of  the  University  of  Glasgow,  in  discussing  the 
differences  between  the  male  and  female  measurements,  says — "  The 
difference  in  the  level  of  the  kidneys  in  the  male  and  in  the  female 
subjects  seems  to  be  nearly  in  proportion  to  the  difference  in  height. 
But  whereas  in  the  female  the  kidneys  were  abnormally  low  from 
being  loose  and  from  depression  of  the  organs,  especially  the  liver, 
there  was  only  the  case  of  hydronephrosis  in  which,  in  the  male,  the 
kidney  was  below  the  level  of  the  crest  of  the  ilium.  In  one  or  two 
cases  in  females,  where  there  was  great  depression  of  the  lower  ribs 
and  abdomen,  the  liver  and  spleen  were  depressed  upwards ;  but,  as 
the  liver  was  turned  a  little  so  as  to  be  deeper  than  normal,  it  is  at 
least  doubtful  whether  the  kidney  could  be  drawn  up  or  not." 

Measurements  have  been  taken  in  448  cases — 264  in  males,  184  in 
females.  In  males  the  largest  number  of  kidneys  on  the  right  side 
lie  between  f  of  an  inch  and  1^  inch  above  the  iliac  crest ;  on  the 
left  side  between  1  and  2  inches  above  the  crest.  Twenty-four  kidneys 
lie  at  or  below  the  level  of  the  iliac  crest  out  of  a  total  of  264. 

In  the  females  forty-eight  kidneys  lie  between  f  of  an  inch  and 
If  inch  above  the  level  of  the  iliac  crest  on  the  right  side — forty-one 
between  1^  and  If  inch  above  the  level  of  the  iliac  crest  on  the 
left  side.     Twenty-nine  kidneys  out  of  a  total  of  184  lie  either  at  or 
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bdow  the  leTel  of  the  iliao  crest;  or,  expressed  in  other  words, 
15  per  cent,  of  kidneys  in  the  female  are  placed  either  on  or  below 
the  leyel  of  the  iliac  crest  as  compared  to  9  per  cent,  in  the  males. 

Dr  HxBBKBT  B.  Sfbnohr  has  forwarded  from.  Uniyersity  College, 
London,  a  series  of  measurements  regarding  the  position  of  the 
kidneys  in  the  infant  at  birth.    His  report  is  printed  in  its  entirety. 


Ths  Djstilsce  of  thb  Lower  Mabgin  op  thb  Eidnet  from  thx 
IiiiAO  Cbbbt  IK  THB  Infant  AT  BiRTH.  By  Hebbbbt  R.  Spencbb, 
M.D.,  RS.,  M.R.C.P. 

The  accompanying  table  is  a  record  of  observations  on  forty  human 

foetuses   which  were  either  still-bom  or  lived  only  a  few  hours. 

Fourteen  of  them    had  undergone  intrsruterine  maceration.     The 

fcBtus  having  been  laid  supine,   with  extended  lower  limbs,   the 

abdomen  was  opened  by  a  longitudinal  median  incision,  and  the 

kidneys  exposed  by  dividing  the  rectum  and  turning  it  and  the 

descending  colon  and  the  csdcum  and  ascending  colon  up  for  a  sufficient 

distance.     The  small  intestines  were  then  held  out  of  the  way,  and 

the  peritoneum  and  areolar  tissue  around  the  kidney  divided  so  as  to 

clearly  define  the  lower  end  of  the  organ.     The  measurements  were 

taken  from  the  tip  of  the  anterior  superior  iliac  spine  to  the  level  of 

the  lower  margin  of  the  kidney  on  each  side.     The  iliac  spine  was 

chosen  in  preference  to  the  top  of  the  crest,  owing  to  the  difficulty  of 

accurately  ineasuring  the  small  distance  between  the  top  of  the  crest 

and  the  kidney  in  the  new-born  child,  without  greatly  disturbing  the 

natural  relations,  to  avoid  which,  also,  the  thoracic  organs  and  liver 

were  left  in  situ. 

From  the  table  it  appears  that  the  right  kidney  was  nearer  to  the 
level  of  the  right  anterior  superior  iliac  spine  than  was  the  left  to  its 
corresponding  spine  in  all  except  nine  cases ;  in  three  of  these  it  was 
further  removed  by  ^  of  an  inch  ;  in  the  other  six  it  was  at  the  same 
distance.  In  two  of  these  six  cases  (20,  24),  however,  my  notes  state 
that,  although  the  distances  were  equal,  the  lower  end  of  the  right 
kidney  was  situated  at  a  lower  level  than  the  left,  with  reference  to 
a  line  drawn  at  right  dngles  to  the  sagittal  plane  bisecting  the  ver- 
tebral column.  In  the  cases  in  which  the  distance  between  the 
anterior  superior  iliac  spine  and  the  kidney  was  less  on  the  right  side, 
this  kidney  was  also  anatomically  the  lower. 
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There  was  no  naked-eye  disease  of  the  organs  which  could  affect 
the  measurements,  the  morbid  appearances  being  limited  to  minute 
hemorrhages  into  the  substances  of  and  around  the  kidney. 
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Question  IV. 

A  comparatively  small  number  of  observations  has  been  made 
on  the  digtribution  of  the  cntaneous  nerves  to  the  dorsum  of  the 
foot    Returns  have  been  received  from  the  following : — 

Messrs  Gordon  Brodie,  Middlesex  Hospital ;  E.  H.  Shaw,  Univer- 
sity College ; ,   St  Mary's   Hospital ;    P.   Macleod 

Yeanley,  Westminster  Hospital;  W.  A.  Harris,  Queen's  College, 
Bimiingham  3  K  Fawcett,  Yorks  College,  Leeds ;  J.  W.  Smith  and 
J.  K  Carter,  The  Owens  College,  Manchester;  P.  B.  W.  Santi, 
School  of  Medicine,  Newcastle-on-Tyne ;  J.  Symington,  Minto  House, 
Edinbuxgh  ;  H.  L.  Sutherland,  University  of  Aberdeen ;  A  F.  Dixon, 
Trinity  College,  Dublin;  A.  Blaney,  Catholic  University  Medical 
School,  Dublin;  A.  Thomson, 'University  of  Oxford.  Misses  Piercy 
and  Bale,  London  School  of  Medicine  for  Women. 

A  total  of  229  feet  have  been  examined,  and  in  tabulating  the 
results  the  graphic  method  has  been  adopted  in  preference  to  the 
descriptive.  Twelve  types  are  figured,  and  lettered  A,  B,  C,  dbc.,  in 
order  of  their  frequency.  The  first  six  are  arranged  in  such  a  way 
as  to  show  how  the  external  saphenous  replaces  the  external  division 
of  the  musculo-cutaneous  nerve,  or  vice  versa.  The  last  six  (H,  E,  I, 
F,  G,  E)  are  arranged  to  display  the  progressive  variations  in  the 
cntaneous  distribution  of  the  anterior  tibial  nerve. 

In  these  types  connecting  loops  between  the  nerves  have  been  in 
some  cases  omitted,  as  the  information  necessary  was  not  sufficiently 
complete. 

The  figures  attached  to  the  types  indicate  the  numbers  of  such 
specimens  out  of  the  total  of  229  examined.  In  some  cases  the  per- 
centage is  also  given. 

The  musculo-cutaneous  is  represented  by  a  solid  black  line ;  the 
external  saphenous  by  a  dotted  line.  The  anterior  tibial  by  a  double 
outline. 

The  sohcalled  normal  arrangement  represented  by  type  A  occurs  in 
55  per  cent,  of  cases.  Kext  in  order  is  type  B,  where  the  external 
saphenous  supplies  the  two  and  a  half  outer  toes.  This  distribution 
of  the  nerves  was  met  with  in  24  per  cent.-of  the  feet  examined.  For 
further  details  the  reader  is  referred  to  Table  Y. 

In  one  case,  recorded  by  Mr  J.  W.  Smith  of  The  Owens  College, 
the  internal  saphenous  supplied  the  inner  side  of  the  great  toe ;  in 
another,  it  reached  the  inner  side  of  the  head  of  the  metatarsal  bone. 


[Table  V. 
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Table  V. — VariaHons  in  the  Dietributioti  of  the  Outaneoug  Nenet  on 
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Question  V. 

In  answer  to  the  question,  as  to  the  occnrrenoe  of  the  diverti- 
cnlam  ilei,  replies  have  been  received  from — 

Messrs  H.  Hunter,  Trinity  College,  Dublin ;  A.  Eobinson,  Owens 

Con^e,  Manchester ; y  St  Mary's  Hospital,  London ; 

F.  H.  Marson,  Queen's  College,  Birmingham;  Gordon  Brodie, 
Middlesex  Hospital,  London ;  H.  ll  Sutherlaiid,  University  of  Aber- 
deen; W.  Thelwall  Thomas,  University  College,  Liverpool;  P. 
Macleod  Tearsley,  Westminster  Hospital ;  P.  R.  W,  Santi,  School  of 
Medicine,  Newcastle-on-Tyne;  J.  Symington,  Minto  House,  Edin- 
burgh; A.  Blaney,  Catholic  University  Medical  School,  Dublin; 
J.  H.  Teacher,  University  of  Glasgow ;  J.  Musgrove,  University  of 
Edinburgh;  H.  D.  Rolleston,  St  George's  Hospital;  A.  Thomson, 
University  of  Oxford.  Misses  Pieroy  and  Bale,  London  School  of 
Medicine  for  Women. 

Out  of  a  total  of  769  subjects  examined  the  presence  of  Meckel's 
diverticulum  has  been  noted  sixteen  times,  or  slightly  over  2  per  cent. 
Subjoined  are  the  descriptions  of  the  various  examples  noted. 

Mr  H.  Hunter,  of  Trinity  College,  Dublin,  describes  a  case  as 
follows  : — The  subject  was  an  adult  male,  who  suffered  from  a  large 
femoral  hernia  on  the  left  sida  The  diverticulum,  with  the  greater 
part  of  the  ileum  and  much  of  the  sigmoid  flexure  of  the  colon, 
formed  contents  of  the  hernia. 

The  distance  of  the  diverticulum  from  the  ileo-csecal  valve  was  49 
inches ;  it  sprang  from  the  anterior  aspect  of  the  gut,  close  to  its 
mesenteric  attachment.  Its  length  was  If  inch  when  inflated,  and 
its  diameter  about  ^  an  inch,  but  towards  its  lower  end  it  expanded 
suddenly  into  a  hammer-shaped  extremity,  whose  largest  diameter 
was  1^  inch.  The  diverticulum  had  no  connection  at  its  extremity 
with  the  umbilicus  or  other  part,  nor  was  there  any  trace  of  such. 

The  next  case  is  recorded  by  Mr  F.  H.  Marson  of  Queen's  College, 
Birmingham.  The  diverticulum  was  situated  34  inches  from  the 
cfficum,  was  2^  inches  in  length'  and  3f  inches  in  diameter. 

Mr  Sutherland,  of  Aberdeen  University,  records  another  case, 
but  is  unable  to  furnish  further  details. 

Mr  Thblwall  Thomas,  of  University  College,  Liverpool,  describes 
a  case  which  came  under  his  observation.  The  diverticulum  was 
situated  36  inches  from  the  ileo-csBcal  valve,  was  2^  inches  long,  and 
was  adherent  to  the  mesentery  by  a  slight  double  fold  of  peritoneum, 
which  was  attached  to  the  diverticulum  for  half  its  length,  the  tip  of 
the  diverticulum  being  rounded  and  free. 

Dr  Stmington,  of  Edinburgh,  sends  notes  of  a  case  in  which  the 
diverticulum  was  situated  56  inches  from  the  ileo-csecal  valve,  was 
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2^  inches  long  and  3  inches  in  drcumference.    The  diverticulam  was 
quite  free,  and  somewhat  pointed  at  one  side  of  its  extremity. 

Mr  J.  H.  Tbachbb  mentions  a  case  where  the  diverticnlam  was 
situated  49  inches  from  the  ileo-csecal  yalve,  and  measured  about  I 
inch  in  length ;  it  was  perfectly  free. 

A  very  valuable  addition  to  the  returns  relating  to  this  question 
has  been  made  by  Mr  H.  D.  Bollbstoit  of  St  Greorge's  Hospital,  who 
has  sent  in  a  record  of  337  subjects,  which  he  examined  in  the 
post-mortem  room  of  that  hospital.  He  has  tabulated  the  details 
of  ten  instances  of  this  condition  which  he  met  with,  and  the  afore- 
mentioned cases  have  been  included^  so  as  to  make  the  table  as  com- 
plete as  possible. 

In  a  note  appended  to  his  report  Mr  KoUeston  draws  attention  to 
the  fact  that  nine  out  of  the  ten  subjects  in  which  this  anomaly 
existed  were  males,  a  fsLCt  which  he  says  cannot  be  accounted  for  by 
the  supposition  that  more  examinations  were  made  in  males  than  in 
females,  for  as  a  matter  of  fact  there  was  not  much  difference  in  the 
number  of  males  and  females  examined.  He  further  adds  that  there 
was  nothing  to  suggest  that  the  formation  of  the  pouch  was  due  to 
traumatism,  such  as  partial  strangulation,  dka,  and  in  no  case  was 
the  diverticulum  attached  to  the  umbilicus,  though  in  one  case  (No.  6) 
there  was  a  fibrous  cord,  which  might  have  been  broken  away  from 
the  umbilicus  and  subsequently  contracted  fresh  adhesions. 

In  conclusion,  the  Committee  desire  to  place  on  record  their  thanks 
to  all  those  gentlemen  by  whose  co-operation  they  have  been  enabled 
to  publish  the  present  Report 

The  Secretaiy  will  be  pleased  at  all  times  to  receive  any  sugges- 
tions in  regard  to  this  or  allied  matters.  Communications  to  be 
addressed  to  him  at  the  Anatomical  Department,  Museum,  Oxford. 


THE  THTRO-GLOSSAL  DUCT  OR  "CANAL  OF  HIS." 
By  C.  F.  Mabshall,  M.D.,  B.Sa,  Hovse  Physician  to 
the  Metropolitan  Hospital,  late  Senior  House  Sv/rgeon 
to  the  North-Eastern  Hospital  for  Children,  late  Flatt 
Physiological  Scholar  in  the  Owens  College,    (Plate  I.) 

Havinq  recently  had  the  rare  opportunity  of  making  an 
autopsy  on  a  child  in  whom  there  was  a  so-called  persistent 
"  canal  of  His/'  I  venture  to  publish  a  description  of  my  speci- 
men, in  the  hope  of  throwing  some  light  on  the  morphology  of 
this  interesting  malformation. 

The  child  in  question  was  a  male,  five  years  of  age ;  he  was 
admitted  to  the  North-Ecustem  Hospital  for  Children,  under  Mr 
Bilton  Pollard,  for  the  purpose  of  having  the  "  canal "  excised. 
He  however  contracted  diphtheria,  and  died  before  the  operation 
could  be  performed.  I  here  take  the  opportunity  of  expressing 
my  great  obligation  to  Mr  Pollard  for  his  generosity  in  per- 
mitting me  to  publish  the  case. 

Before  describing  my  specimen,  I  shall  briefly  refer  to  the 
more  important  accounts  given  by  previous  writers  on  the 
subject. 

1.  Raymond  Johnson  ^  describes  two  cases  of  "  persisteut  lingual 
duct "  which  are  typical  examples  of  what  is  known  to  surgeons  as 
the  ^'caoal  of  His.''  In  both  his  cases  there  was  an  open  sinus  in 
front  of  the  neck  discharging  mucus;  from  this  a  cord  was  found 
passing  up  to  the  hyoid  bone.  In  both  instances  the  cord  bad  a 
patent  lumen  for  a  short  distance;  one  was  lined  by  stratified 
epithelium,  the  other  was  not.  One  case  was  a  female,  aged  15 
years,  in  whom  the  sinus  had  been  present  for  five  years ;  the  other 
was  a  female  aged  6  years,  with  a  sinus  of  two  years'  duration. 

2.  Concerning  the  developmental  part  of  the  question,  His^  has 
shown  that  the  thyroid  gland  of  man  develops  in  three  independently 
arising  parts — (1)  a  median  tubular  outgrowth  from  the  ventral  wall  of 
the  pharynx,  which  forms  the  isthmus  of  the  thyroid  gland  and  also 
the  lobus  pyramidalis,  when  this  exists.  (2)  Two  solid  lateral  out- 
growths which  form  the  lateral  lobes  of  the  thyroid.  The  median 
portion  he  terms  the  ihyro-gloMol  duct,  and  subdivides  it  into  an 
upper  portion  leading  from  the  foramen  cacum  to  the  hyoid  bone, 

^  Lancet,  10th  May  1890. 

3  AncUomie  Menaehlicher  Bmiryonen,  iii.  pp.  97-102,  1885. 
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vUeh  he  names  the  lingual  dud^  and  a  lower  portion,  the  thyroid  duet^ 
extending  from  the  hyoid  bone  to  the  isthmus  of  the  thyroid  gland* 
Hi8  states  that  these  ducts  may  persist  in  whole  or  in  part,  but  he 
has  ne^er  seen  a  case  where  the  duct  was  patent  for  the  whole  dis- 
tance from  the  foramen  caecum  to  the  thyroid  gland,  it  being  always 
obliterated  where  it  passes  behind  the  hyoid  bone. 

3.  In  a  later  paper  ^  His  gives  further  details  of  the  development^ 
and  shows  that  ^  middle  thyroid  rudiment  bifurcates  at  its  lower 
end,  forming'  two  lateral  lobes  at  right  angles  to  the  main  duct;  these 
lateral  divisions  fuse  with  the  lateral  thyroid  rudiments,  and  thus 
fi>rm  parts  of  the  lateral  lobes  as  well  as  the  isthmus  of  the  thyroid 
gland. 

4.  Bland  Sutton*  describes  the  processus  pyramidalis  of  the 
thyroid  gland  as  being  part  of  the  original  thyro>glossal  duct 

Neither  His  nor  Bland  Sutton  make  any  mention  of  the  canal  and 
smos  opening  in  front  of  the  neck^  which  is  known  to  surgeons  as  the 
"canal  of  His."  ^ 

5.  An  entirely  different  explanation  of  the  origin  of  the  median 
canal  and  sinus  is  given  by  Kostanecki  and  Mielecki  ^  and  also  by 
Kanthack.^  According  to  these  authors  this  structure  must  be 
r^arded  as  a  median  ^tula  caused  by  deficient  closure  of  the  sinus 
etrvicalis.  The  sinus  cervicalis  is  a  deep  semicircular  groove  lying 
behind  the  pharyngeal  region  between  the  body  and  head  of  the 
embryo^  and  occupying  its  lateral  and  ventral  surfaces.  It  is  caused 
by  the  anterior  visceral  arches,  especially  the  hyoid  arch,  overlapping 
the  posterior  ones,  and  it  may  be  compared  to  an  opercular  cavity. 
NormaUy  it  becomes  obliterated,  but,  according  to  the  above  writers, 
in  some  cases  its  median  portion  persists  and  gives  rise  to  a  median 
fistula. 

Kanthack  suggests  that  a  complete  median  fistula  may  be  due  to  a 
tear  through  the  closing  membrane  of  the  second  branchial  pouch  or 
groove  into  the  sinus  cervicalis.  No  direct  evidence,  however,  is 
^oted  in  support  of  this  suggestion. 

Description  of  Specimen. 

In  the  anterior  median  line  of  the  neck,  about  one  inch 
above  the  sternum,  waa  a  sinus  discharging  a  small  quantity  of 
mucoid  fluid.  This  had  been  noticed  for  about  a  year,  and 
had  discharged  at  irregular  intervals,  becoming  closed  up  in 
the  intervening  periods. 

From  this  opening  a  hard  cord  could  be  felt  extending  up  to 
the  hyoid  bone.    On  dissecting  the  front  of  the  neck  this  cord 

'  ArehhfOr  Anatomie  und  Entwiekelungsgtsehiehtc,  1891,  pp.  26-82. 

*  Dermcids,  pp.  79-83. 

*  VMioufs  Archiv,  vols.  120,  121. 

*  Jour.  AncU.  and  Phys,,  Jan.  1891. 
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was  found  to  be  tubular  and  patent  up  to  within  half  an  inch 
of  the  hyoid  bone :  the  upper  end  was  firmly  attached  to  the 
hyoid  bone,  the  lower  end  dilated  into  a  thin- walled  sac  opening 
on  to  the  sur&ce  at  the  external  sinus.  The  sac  and  tube  lay 
between  the  skin  and  the  anterior  layer  of  deep  cervical  fascia: 
at  no  place  was  there  any  connection  with  the  thyroid  gland. 

By  dividing  the  hyoid  bone  the  tube  could  be  traced  as 
an  ill-defined  fibrous  cord  on  the  dorsal  surface  of  the  hyoid 
bone,  to  which  it  was  closely  attached,  and  passing  through 
the  substance  of  the  tongue  up  to  the  foramen  csBcum.  About 
three  quarters  of  an  inch  from  the  foramen  caecum  it  again 
became  patent  and  continued  so  up  to  the  surface  of  the 
tongue.  The  canal  was  thus  open  at  both  ends  but  obliterated 
in  the  middle  part  of  its  length. 

On  further  dissection  a  lobus  pyramidalis  was  found  passing 
firom  the  left  side  of  the  isthmus  of  the  thyroid  to  the  hyoid 
bone,  the  upper  end  being  united  to  the  median  fibrous  cord  at 
the  same  place  as  the  above-mentioned  canaL  In  other  words, 
the  fibrous  cord  behind  the  hyoid  bone  was  continuous  both 
with  the  pyramidal  lobe  of  the  thyroid  and  with  the  tube 
leading  to  the  superficial  sinua 

The  above  description  will  be  made  more  clear  by  reference 
to  the  figures  (Plate  I.). 

Fig.  1  shows  the  canal  and  sac  exposed  by  reflecting  the 
skin  from  the  middle  line  of  the  neck. 

Fig.  2  shows  a  dissection  of  the  thyroid  gland  and  under 
surface  of  the  tongue.  The  lobus  pyramidalis  is  seen  arising  from 
the  left  side  of  the  thyroid  gland ;  the  upper  end  of  the  canal 
is  joined  by  the  pyramid,  and  the  two  structures  are  continued 
onwards  as  the  median  fibrous  cord,  which  is  exposed  by 
dividing  the  hyoid  bona  Further  on  the  canal  is  seen  to 
become  patent  and  pass  up  to  the  foramen  csBcum. 

Fig.  3  is  a  slightly  diagrammatic  view  of  the  parts  in 
question.  The  tongue  and  upper  canal  (lingual  duct)  are  shown 
in  vertical  section  as  far  down  as  the  hyoid  bone ;  below  the 
hyoid  bone  the  parts  are  seen  in  elevation.  The  thyro-glossal 
duct  is  here  shown  in  its  whole  length,  the  shaded  portion 
representing  the  obliterated  part  which  I  have  referred  to  as 
the  fibrous  cord. 
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MiCBOSCOPIG  EXAHIKATIOK. 

Sections  of  the  canal  in  its  middle  portion  show  the  following 
structure.  Externally  it  is  composed  of  very  dense  fibrous 
tissue ;  internally  there  is  an  irregular  lumen  not  enclosed  by 
any  definite  epithelial  layer.  The  main  substance  of  the  canal 
consists  of  an  irregular  arrangement  of  fibrous  tissue,  numerous 
blood-vessels,  and  masses  of  cells.  The  cells  vary  in  size  and 
shape,  but  the  majority  are  more  or  less  rounded  in  outline 
with  distinct  nuclei  In  some  places  they  appear  aggregated 
together  in  large  irregular  masses  with  very  little  fibrous  tissue ; 
in  other  places  the  fibrous  tissue  is  abundant  and  the  cells  few 
in  number.  The  whole  structure  gives  the  idea  of  embryonic 
or  imperfectly  developed  glandular  tismie. 

Sections  of  the  pyramid  show  that  it  is  composed  of  ordinary 
thyroid  gland  tissue. 

Sections  of  the  fibrous  cord  show  nothing  but  fibrous  tissue 
and  no  trace  of  any  duct. 

No  direct  connection  exists  between  the  pyramid  and  the 
canal  of  His  at  their  point  of  junction  with  the  fibrous  cord 

Let  us  now  consider  what  light  these  facts  throw  on  the  ex- 
planation of  the  origin  of  the  "canal  of  His.'*  The  possible 
views  of  the  origin  of  this  structure  may  be  reduced  to  three : — '- 

1.  That  it  belongs  developmen tally  to  the  thyroid  gland. 

2.  That  it  is  formed  by  persistence  of  part  of  the  sin  lis 

cervicalis. 

3.  That  it  is  of  independent  origin. 

It  appears  to  me  that  all  the  facts  shown  in  my  specimen  tend 
in  &vonr  of  the  first  view,  the  main  points  being  (1)  that  the 
canal  and  the  pyramidal  lobe  are  both  equally  firmly  united  to 
the  median  fibrous  cord ;  (2)  the  apparently  glandular  structure 
of  the.  canal  seen  on  section ;  (3)  the  patent  foramen  csBCum 
and  short  canal  leading  from  it  representing  the  lingual  duct. 

It  hence  appears  a  reasonable  explanation  that  the  canal  of 

His  is  the  rem/aant  of  one  of  the  bifurcations  of  the  originxjl 
VOL.  xxvx  (n.s.  vol.  vl)  o 
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median  thyroid  rudvment,  the  other  bifurcation  forming  the 
pyramidal  lobe  of  the  thyroid  gland.  The  imperfectly  developed 
gland  tissue  of  which  the  canal  seems  to  be  composed  is  strong 
evidence  in  fitvour  of  this  view.  This  explanation  is  also 
supported  by  the  fact  that  the  pyramid,  when  present,  is  always 
attached  to  one  side  of  the  thyroid  gland  and  is  not  really 
median.  In  my  case  it  was  attached  to  the  left  side :  His^ 
figures  a  case  where  it  is  attached  to  the  right  side  and  forms 
part  of  a  persistent  thyro-glossal  duct.  Professor  His  has  more- 
over kindly  informed  me  by  letter  that  he  has  seen  a  case  in 
which  there  were  two  fully  developed  pyramids,  one  on  each 
side. 

The  view  that  the  canal  is  formed  from  the  sinus  cervicalis 
can  I  think  only  be  regarded  as  a  suggestion,  and  has  at  present 
no  direct  evidence  to  support  it.  Moreover,  the  history  of  these 
cases  is  strong  evidence  against  this  view.  In  Mr  Raymond 
Johnson's  cases  and  in  my  case  the  sinus  was  not  noticed  till 
the  child  was  several  years  old :  now,  on  the  supposition  that 
they  are  congenital  fistulsB,  we  should  expect  them  to  be  most 
marked,  or  at  any  rate  present,  at  birth. 

Again,  the  account  given  by  Eanthack  of  the  sinus  cervicalis 
bursting  through  into  one  of  the  branchial  clefts  is  without 
parallel  in  embryology,  and  can  hardly  claim  serious  considera- 
tion until  direct  evidence  in  support  of  it  is  forthcoming. 

Against  the  view  of  independent  origin  is  the  presence  of  the 
deep  foramen  csecum,  the  presence  of  a  pyramid  to  the  thyroid, 
and  other  facts  mentioned  above,  all  showing  that  the  thyroid 
gland  had  in  this  case  developed  in  an  exceptional  manner. 

Conclusion. 

In  the  absence  of  evidence  to  show  whether  a  pyramid  to  the 
thyroid  gland  is  always  present  in  these  cases,  it  is  impossible 
to  come  to  a  definite  conclusion,  but  I  think  that  the  facts 
shown  by  my  specimen  tend  in  favour  of  the  view  that  the  so- 
called  "  canal  of  His  "  is  a  remnant  of  the  middle  thyroid  rudi- 
ment of  His.  It  is  not  difficult  to  imagine  that  this  may 
gradually  become  dilated  at  its  lower  end  into  a  sac  by  the 

^  Anaiomie  Ifenaehlicher  Embryonen,  iii  p.  100,  fig.  67. 
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secretion  of  mucns  from  the  wall  of  the  canal,  and  that  this  sac 
ultimately  causes  the  skin  to  give  way  by  its  pressure  till  a 
sinus  is  fonned. 

J£  this  explanation  is  correct  it  is  easy  to  see  that  a  persistent 
thyro-glossal  duct  may  be  due  to  the  persistence  of  either  of 
the  two  lobes  formed  by  the  bifurcation  of  the  median  thjrroid 
rudiment  In  the  case  described  by  His  ^  it  is  the  right  lobe 
or  pyramid  of  the  thyroid,  which  forms  the  lower  part  of  the 
thyro-glossal  duct,  the  left  lobe  of  the  thyroid  rudiment  having 
become  obliterated  in  his  case.  In  my  case  both  bifurcations 
had  persisted,  the  one  as  a  pyramid,  the  other  as  the  "  canal  of 
ffia" 

In  conclusion,  I  must  express  my  thanks  to  my  brother. 
Professor  Milnes  Marshall,  for  much  help  in  connection  with  the 
embryological  bearings  of  the  subject  My  thanks  are  also  due 
to  Professor  His  and  Mr  Bland  Sutton« 


EXPLANATION  OF  PLATE  L 
(All  the  figures  are  natural  size.) 

Fig.  I.  Canal  of  His  exposed  by  dissecting  the  skin  from  the 
median  line  of  the  neck,  c,  canal ;  A,  hyoid  bone ;  s,  sac  with  open 
sinus. 

Fig.  2.  Dissection  of  the  thyro-glossal  duct,  thyroid  gland,  and  base 
of  the  tongue,  c,  upper  end  of  casisl  of  His;  /,  fibrous  cord;  A,  hyoid 
bone;  Z,  lingual  duct  opened  and  fixed  by  pins;  m,  muscles  out  through 
at  base  of  tongue;  p,  pyramidal  lobe;  ty  thyroid  cartilage;  th,  thyroid 
gland;  tr^  trachea. 

Fig.  3.  Semi-diagrammatic  figure :  the  upper  parts  are  in  vertical 
section,  the  lower  part  in  elevation ;  /.  c,  foramen  caecum ;  s,  sac 
vith  sinus  opening  in  front  of  neck ;  other  letters  as  before. 

I  Loe,  cit,,  fig.  67. 


THE  OCCURRENCE  OF  AN  ADDITIONAL  PHALANX 
IN  THE  HUMAN  POLLEX.  By  Bertram  C.  A.  Windle, 
M.A.,  M.D.  (DubL),  Professor  of  Anatomy  in  the  Queen's 
College,  Birm/ingham.    (Plate  II.) 

iSoME  time  ago  the  man  whose  hands  are  figured  in  the 
accompanying  illustrations^  was  sent  to  me  for  inspection. 
His  description  of  his  condition  was  that  he  had  "  five  fingers 
and  a  thumb  on  one  hand^  and  five  fingers  and  no  thumb  on  the 
other."  On  examining  him  I  found  the  following  condition  of 
affairs.  Left  hand — the  thumb  bore  on  the  radial  side  of  its 
metacarpal  bone  a  supernumerary  digit,  provided  with  a  well- 
formed  nail,  and  consisting  of  two  phalanges,  provided  with 
movable  articulations  with  one  another  and  with  the  meta- 
carpal bone.  The  thumb  itself  was  nearly  as  long  as  the  index 
finger,  the  appearance  of  which  it  simulated,  and  was  provided 
with  a  metacarpal  bone  and  with  three  phalanges,  movable 
articulations  existing  between  each  of  the  members.  The  digit 
in  question,  though  simulating  the  appearance  of  the  other 
members  of  the  series,  was  yet  functionally  a  thumb.  Right 
hand — the  normal  number  of  digits  was  present,  but  the  radial 
digit  or  thumb,  like  that  on  the  other  hand,  had  a  metacarpal 
bone  and  three  phalanges,  the  articulations  between  the 
members  being  movable.  In  its  relation  of  position  to  the 
other  members  of  the  series,  this  digit  was  unmistakably  a 
thumb,  and  so  &r  as  could  be  seen  it  possessed  the  usual 


Metacarpal 

Ist  phaL 

2nd  phal. 

8rd  phal. 

Left  hand — 

Radial  poUex, 

■  •  • 

3  0 

2-6 

.  •  • 

Ulnar  pollex, 

4-6 

60 

2-5 

2-3 

Index,  . 

60 

5-0 

2-5 

30 

Right  hand — 

Pollex,  . 

5-0 

4-5 

1-8 

30 

Index,  . 

6-0 

6  0 

30 

3-0 

^  I  ought  to  mention  that  these  drawings  were  made  for  me  by  my  late  pnpil, 
Mr  W.  M.  Sadler,  whose  early  death  I  much  regret 


Fig.  3.  Kg.  * 
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muscles  of  that  digit.  It  was  not  bo  long  in  proportion  ias  the 
corresponding  digit  of  the  other  hand.  The  preceding  table 
gives  the  measurements.^ 

The  unusual  nature  of  this  case  having  much  interested  me, 
I  made  a  careful  search  through  teratological  literature  for 
others  of  a  similar  nature.  As  the  condition  is  a  rare  one,  I 
think  it  may  be  useful  briefly  to  give  the  details  of  the  cases 
which  I  have  been  able  to  discover,  more  especially  as  I  shall 
have  to  allude  to  them  in  discussing  the  points  for  consideration 
to  which  they  give  rise. 

Case  1  (Struthers,  Edin.  New  PhiL  Jour.,  1868,  p.  83.  Also  men- 
tioned in  Ee/erences  to  Papers  on  Anatomy,  by  Professor  Struthers, 
pub.  1889,  sec.  22). — ^AS.,  has  six  digits  on  each  hand  and  on  each 
foot.  One  of  the  thumbs  presents  three  phalanges  on  each  hand. 
The  two  thumbs  are  supported  on  one  unbif  urcated  metacarpal  bone. 
The  thumb  next  the  forefinger  is  clearly  felt  to  have  three  phalanges, 
while  the  lesser  thumb  has  two  phalanges.  It  is  the  same  on  both 
hands.  The  greater  thumb  is  2|  inches  in  length  on  the  left  hand, 
and  2 1  on  the  right ;  the  lesser  thumb  is  2  inches  in  length  on  both 
hands.  The  circumference  of  the  greater  thumbs  on  the  left  and 
right  sides,  respectively,  is  2^  and  2|-,  that  of  the  lesser  thumbs  being 
2  inches.  The  two  thumbs  are  webbed  at  their  base.  In  each 
hand,  it  is  the  thumb  next  the  forefinger  which  is  used.  There  is 
some  evidence  of  heredity  in  the  condition. 

C{ue  2  (same  references), — J. J.,  aged  21,  has  the  thumb  on  both 
hands  of  unusual  length  and  form.  Each  possessed  an  additional 
joint,  giving  three  phalanges  besides  the  metacarpal  bone,  the 
additional  b^ne  being  plao^  in  the  position  of  a  middle  phalanx. 
The  metacarpal  bone  is  2\  inches  in  length,  and  appears  to  be  quite 
normal.  The  first  phalanx  is  If  inch  in  length,  and  is,  therefore, 
longer  than  usuaL  The  additional  bone,  occupying  the  position  of  a 
middle  phalanx,  is  broader  on  the  inner,  or  radial,  side  than -on  the 
side  next  the  index  finger,  having  a  triangular  or  wedge-shaped  figure, 
which  gives  the  distal  phalanx  an  inclination  towards  the  index.  It 
measures  along  the  radial  side  f  inch,  along  the  ulnar  side  \  inch, 
and  ^  inch  along  the  middle.  The  position  of  the  base  of  this 
wedge-shaped  additional  bone  is  shown  by  a  double  protuberance  on 
the  radial  side.  Between  these  a  depression  may  be  felt  correspond- 
ing to  the  short  shaft  between  the  articular  ends.  The  distal  phalanx 
is  an  inch  in  length.  The  measurements  were  made  exactly  fh>m  the 
joints,  avoiding  the  error  of  including  the  knuckles  twice.  When  the 
thumb  is  straightened,  its  point  passes  a  sixth  of  an  inch  beyond  the 
joint  between  the  proximal  and  middle  phalanges  of  the  index  finger. 

^  These  measurements  may  not  be  abaolately  correct  as  they  were  made  from 
easts  of  the  hands,  bat  they  are  at  least  relattvely  aconrate. 
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The  thumb  of  the  right  hand  scarcely  advances  so  far  as  that  joint. 
The  unusual  length  of  the  thumbs  in  this  case  is  gained  by  the 
proportionately  greater  length  of  the  proximal  phalanx  and  by  the 
presence  of  the  additional  bone,  while  the  distal  phalanx  is  a  little 
shorter  than  usual.  At  the  joint  on  the  proximal  side  of  the 
additional  phalanx  there  is  the  usual  extent  of  flexion  and  extension. 
Between  it  and  the  distal  phalanx  passive  motion  is  free  and  readily 
felt  in  both  thumbs,  although  it  cannot  be  carried  so  far  as  to  cause 
an  angle  or  additional  knuckle.  Some  motion  in  the  lateral  direction 
can  also  be  made  at  this  joint.  The  utility  of  the  thumb  is  not 
impaired.  The  fingers  are  longer  than  usual  (their  lengths,  from  the 
metacarpo-phalangeal  articulation,  are — forefinger,  3|;  middle,  4f ; 
ring,  4^ ;  little,  3|  inches.  The  whole  hand  is  8  inches  in  length, 
present  the  usual  proportionate  length,  and  have  three  phalanges 
each.  A  maternal  aimt  had  the  same  kind  of  thumb  on  the  right 
hand,  being  the  only  instance  of  the  occurrence  of  the  peculiarity 
in  any  relative  of  the  family. 

Case  3  (Riidinger,  Beitrdge  zur  Anatomie  dea  Gehdrorgan»^  der 
venosen  Bluthahnen  der  Schddeihokley  so  wie  der  iiberzdhligen  Finger^ 
Miinchen,  1876,  s.  25.  Quoted  by  C.  Hennig,  Mitth.  aus  der 
HetlanstcUtj  "  I.  Von  der  Uberzahl  der  Finger  und  Zehen  und  von 
Dreigliedrigeu  Daumen,"  Leipzig,  1880,  s.  2). — The  subject,  an 
adult  male,  had  the  first  digit  on  each  hand  doubled,  and  each  of 
these  digits  was  provided  with  three  phalanges.  Work  was  performed 
with  the  digit  lying  next  to  the  index  finger,  and  this  was  more 
stoutly  built  than  the  radial  thumb.  The  three  phalanges  of  these  four 
digits  showed  no  resemblance  to  the  normal  members  of  a  thumb. 
The  radial  metacarpal  of  the  thumb  was  somewhat  stronger  than 
the  ulnar,  and  drawn  from  the  dorsal  towards  the  palmar  surface 
resembled  the  metacarpal  bone  of  a  thumb ;  otherwise,  both  the  meta- 
carpals of  these  thumb-digits  showed  all  the  characteristics  of  the 
metacarpal  bones  of  the  fingers.  In  the  right  hand  of  this  man  there 
were  three  supernumerary  carpal  bones,  articulating  with  others  of 
the  series ;  two  of  these  lay  in  the  first  row,  distal  and  dorsal  to  the 
scaphoid  and  between  it  and  the  lunare ;  the  third,  which  lay  between 
the  trapezium  and  trapezoid,  was  only  visible  on  the  dorsal  surface. 
The  left  carpus  possessed  two  supernumerary  bones,  one  between 
the  scaphoid  and  lunare,  and  the  other  between  the  trapezium  and 
trapezoid. 

Case  4  (same  references). — The  seven-year  old  daughter  of  the 
man  whose  case  has  just  been  described.  There  was  the  same 
malformation  on  both  hands ;  but  in  addition  there  was  in  the  left 
hand  a  seventh  finger.  This  was  a  stump-like  appendage  situated  on 
one  of  the  thumb  digits,  with  two  members  possessing  only  the  power 
of  passive  motion  and  furnished  with  a  well-formed  nail. 

Case  5  (Otto,  Sexcentorum  Monsirorum  Descripto  AncUomica, 
No.  256). — The  case  was  that  of  a  man,  aged  24.  In  both  hands  the 
annularis,  medius,  and  index  were  fused,  the  last  being  represented  by 


ADDITIONAL  PHALANX  IN  THE  HUMAN  POLLEX.         103 

a  small  stump,  which  was  more  distinct  on  the  left  than  on  the  right 
hand.  In  spite  of  the  appearances  there  was  really  a  superfluity  of 
digits,  each  hand  possessing  six,  or  rudiments  of  six.  Each  hand  had 
two  trapezia.  In  the  right  hand  the  radial  pollex  possessed  three 
phalanges,  and  a  metacarpal  which  articulated  with  the  radial  and 
smaller  trapezium  and  with  the  ulnar  pollex.  The  ulnar  pollex  had 
a  metacarpal  which  articulated  with  both  trapezia,  the  index,  and  the 
radial  poUex.  It  also  possessed  one  long  phalanx.  The  second 
phalanx  of  the  radial  pollex  was  very  markedly  smaller  than  any  of 
the  other  members.  The  index  had  a  metacarpal  bone  and  one 
phalanx.  The  left  hand  possessed  a  radial  pollex  consisting  only  of  a 
metacarpal  bone  which  articulated  in  a  similar  manner  to  the 
corresponding  bone  of  the  other  hand.  The  ulnar  pollex  had  a 
metacarpal  with  the  same  articulations  as  on  the  right,  and  three 
phalanges,  the  second  being  the  smallest,  though  the  difiference  was 
not  so  marked  as  on  the  left.  The  index  had  a  metacarpal  and  one 
phalanx.  With  regard  to  the  musculature,  in  both  hands  both 
pollioes  received  a  slip  from  the  flexor  longus  pollicis,  and  neither 
had  any  tendon  from  either  of  the  flexors  of  the  digits.  The  right 
hand  had  the  abductor,  flexor  brevis,  opponens,  and  part  of  the 
adductor  attached  to  the  radial  pollex,  the  remainder  and  greater  part 
of  the  last-mentioned  muscle  going  to  the  ulnar  pollex.  Extensores 
primi  intemodii  and  ossis  metacarpi  pollicis  were  attached  to  the 
radial,  and  secundi  intemodii  to  the  ulnar,  pollex.  Extensores  carpi 
radiales  longior  and  brevior  were  attached  to  the  index  and  medius 
respectively.  In  the  left  hand  the  abductor  and  opponens  were 
attached  to  the  radial  pollex,  the  adductor  solely  to  the  ulnar. 
Extensores  ossis  metacarpi  and  secundi  intemodii  pollicis  were 
attached  to  the  radial  pollex,  and  extensor  primi  intemodii  to  the 
ulnar.  Extensores  carpi  radiales  longior  and  brevior  were  attached 
as  in  the  other  hand. 

Case  6  (Gegenbaur,  Morph,  Jahrh.,  Bd.  xiv.  s.  394). — The 
subject  possessed  four  normal  fingers  and  two  abnormal.  The 
latter  belonged  to  the  radial  side  of  the  hand,  and  were  united  to  one 
another  throughout  their  length  (syndactylous),  so  that  both  together 
acted  as  a  functional  thumb.  The  ulnar  was  larger  than  the  other 
("  praepoUex  "),  and  lay  on  its  dorsal  surface,  so  that  looked  at  from 
the  palmar  surface  only  one  was  visible.  The  prsepollex  was,  com- 
pared with  the  other  digits,  a  very  slender  finger.  Both  abnormal 
digits  possessed  metacarpals  of  greater  length  than  those  of  the 
other  fingers.  The  praepollex  possessed  two  phalanges,  and  its 
metacarpal  articulated  promixo-lateraJly  with  the  metacarpal  of  the 
pollex.  Its  promixal  uncartilage-clad  extremity  lay  opposite  the 
trapezium,  but  did  not  articulate  with  it  The  stronger  pollex 
possessed  a  metacarpal  and  three  phalanges,  was  opposable  to  the 
other  four  digits,  but  amphiarthrotically  united  to  the  carpus,  not 
having  a  saddle-joint.  The  remaining  four  fingers  showed  slight 
peculiarities,  the  medius  alone  articulating  with  the  os  magnum.  A 
centrale  was  present. 
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OasB  7  (Wenzel  Graber,  Vtrehan^B  Arehw^  Bd.  IxxxvL  «.  495). — 
There  was  a  supemumeraiy  pollex  on  each  hand,  thoee  on  the 
right  both  posBesung  two  phalanges  The  radial  pollex  of  the  left 
hand  had  three  phalanges,  the  last  poesesmng  a  spur4ike  process  on 
its  radial  side,  which  the  writer  states  was  apparently  a  second 
phalanx  fused  to  it.  I  shall  refer  further  to  the  articulations  and 
musculature  of  this  case. 

Case  8  (Wenzel  Qruber,  BmU.  deVAead.  Imp.  des  9C,  de  Peterdxmrg, 
Tome  xTi.  GoL  359-368). — I  haye  only  been  able  to  give  the  brief 
reference  made  to  this  case  in  the  paper  in  Virchoto's  ArchiVf  Bd. 
xcT.  s.  186).  The  subject  was  living.  The  left  hand  possessed 
six  metacarpals  with  seven  (nc)  fingers,  one  three-phalanged  pollex 
and  five  three-phalanged  digits. 

Ccue  9  (Annandale,  Malformations  of  the  Fingers  and  the  Toes, 
p.  29). — The  subject  was  a  girl,  aged  13,  otherwise  well  formed. 
The  hand  was  perfectly  developed  in  every  way,  except  that  the 
thumb  resembled  a  long  forefinger,  having  three  phalanges.  "  Since 
then,"  he  says,  "  I  have  met  with  other  similar  cases.'' 

Case  10  (Farge,  Chz.  hehdom,  de  med,  et  de  chir.,  1886,  No.  4, 
p.  61.  Quoted  by  Fackenheim,  Jenaischen  Zeitsch,  /.  Natunnss,^  Bd. 
xxii.  N.F.  XV.  s.  356). — A  family  of  the  name  of  Cady  evidenced 
hereditary  Polydactyly.  The  paternal  grandmother  possessed  four 
thumbs.  The  father  had  instead  of  thumbs,  fingers  with  three 
phalanges.  He  had  six  children  as  follows  : — (1)  A  boy  with  normal 
hands ;  (2)  a  boy  with  a  supernumerary  thumb  on  the  left  hand ; 
(3,  4,  5)  two  boys  and  a  girl,  who,  like  the  father,  had  no  thumbs, 
but  instead  of  these  three-phalanged  fingers  ;  (6)  a  boy  possessing 
five  metacarpals  with  three  phalanges  belonging  to  each,  and,  besides, 
a  rudimentary  6th  digit  forming  a  projection  under  the  skin,  and 
representing  a  radial  pollex. 

In  addition  to  these  cases,  I  should  mention  that  Burt  Wilder  ^ 
states  that  "  Dubois  describes  a  case  (Arch,  de  MSd.,  April  1826) 
which  is  referred  to  by  Fort  (Difformith  des  Doigts^  p.  58,  1869), 
and  in  the  cabinet  of  the  Boston  Society  for  Medical  Improvement 
is  a  plaster  cast  of  another  case  which  came  under  the  observa- 
tion of  Dr  B.  E.  Cotting,  and  was  described  by  Dr  J.  B.  S. 
Jackson  {Catalogtte  of  Mttseum  of  Med,  Imp.  Soe.)^  I  regret  that 
I  have  been  unable  to  refer  to  any  of  the  references  just  men- 
tioned.* 

1  "  Intermembral  Homologies,"  Proe,  Boat.  Soe,  NiO,  ffiH.,  xiv.  154.  I 
have  to  thank  Professor  Howes  for  drawing  my  attention  to  this  paper,  as  well 
as  for  other  kind  assistance. 

'  Since  this  paper  was  in  type,  I  learn  that  Dr  Shepherd  exhibited  at  the 
Montreal  Medioo-Chimrgical  Society  (April  2,  1891)  the  left  manus  of  a  pig  with 
six  digits  and  a  well-developed  trapezium.  The  pollex  possesaed  three  phalanges. 
—(Note  in  Medical  Press,  Sept.  9,  1891.) 
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It  may  now  be  well  briefly  to  sum  up  the  salient  features  of 
tiie  cases  which  I  haye  detailed,  and  this  will  be  moat  con- 
veniently done  in  a  tabular  form. 

TMe  of  Cases  of  Three-PhcUanged  PoUicea, 


Que, 

Hand. 

No. 

With 
Spny. 

Bad. 

Uln. 

With- 
ont 

Notes. 

Anthor'a. 

both. 

2 

I 

•  •  • 

1 

1 

L 

both. 

2 

2 

•  «• 

2 

••* 

Hereditary. 

IL 

both. 

2 

•  •  « 

••  • 

•  •  • 

2 

Hereditary. 

IIL 

2  on  each. 

4 

2 

boj 

bh. 

Herd.,  a  nidy. 

IV. 

2  on  each. 

4 

2 

both. 

7th  rad.  digit 

V. 

both. 

2 

2 

1 

1 

VL 

1  (?which) 

1 

1 

•  ■  • 

... 

VII. 

left. 

1 

1 

1 

1 

Sapy.  plx.  right 

VIIL 

left. 

1 

1 

? 

» 

IX. 

•  «  ■ 

1 

•  •  • 

1 

X 

both. 

2 

•  •• 

2 

X,  a. 

both. 

2 

•  •  t 

2 

X,  6. 

both. 

2 

«•  ' 

2 

Hereditary. 

X.,  e. 

both. 

2 

2 

X,d 

both. 

2 

2 

•  •  ■ 

2 

•  •• 

80 

14 

2 

7 

12 

It  will  be  observed  from  the  above  table  that  the  three- 
phalanged  poUex  may  exist  (1)  alone  and  representing  the 
normal  poUex,  or  (2)  with  a  supernumerary  pollex.  In  the 
latter  case  both  pollex  and  supernumerary  or  praepoUex  may 
possess  three  phalanges  (Cases  3  and  4),  or  the  three- 
phalanged  digit  may  be  the  ulnar  of  the  two,  or  more  rarely, 
the  radial.  It  will  also  be  noted  that,  as  in  polydactylism,  the 
influence  of  heredity  is  met  with  in  several  of  the  cases. 

I  propose  now  to  consider  several  points  of  interest  which 
are  raised  by  the  consideration  of  this  subject : — 

L  Nature  of  these  three-phalanged  digita. 

At  the  outset,  we  are  met  with  the  question  as  to  whether 
these  three-phalanged  digits  should  be  considered  as  of  the 
nature  of  thumbs  or  not.  In  the  case  quoted  from  Rudinger, 
that  author  states  it  as  his  opinion,  that  the  condition  in 
question  is  not  one  of  reduplication  of  the  thumbs,  but  of 
increase  in  number  of  the  ordinary  digits.  This  distinction 
appears  to  me  to  be  more  metaphysical  than  real;  and,  moreover, 
I  do  not  think  that  it  is  in  any  way  borne  out  by  the  facts. 
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One  of  his  cases  is,  undoubtedly,  somewhat  difficult  of  explana- 
tion; I  allude  to  the  second,  in  which  rudiments  of  seven 
fingers  were  present.  I  have  not  been  able  to  see  the  original 
account,  and  can  only,  therefore,  venture  to  suggest  that 
possibly  the  rudimentary  digit  may  have  been  the  pne- 
poUex;  the  second,  the  poUex;  the  third,  the  index,  and  so 
on  to  the  ulnar  side  of  the  hand,  where  the  last  finger  would 
be  a  postminimus.  In  this  case  we  should  have  had  to  do  with 
an  instance  of  a  heptadactylous  manus  of  the  type  suggested 
by  Bardeleben,  which  will  be  again  referred  to  in  a  subsequent 
section  of  this  paper.  In  any  case,  however,  this  instauce  is  an 
isolated  one.  Of  the  remainder,  it  will  be  noticed  that  in 
twelve  cases,  the  three-phalanged  digit  replaced  the  normal 
poUex  and  functioned  as  a  thumb,  being  in  the  instances,  where 
any  note  is  made  of  the  fact,  opposable  to  the  other  digit.  To 
call  such  a  digit  an  instance  of  a  double  index  with  (presumably) 
absent  poUex,  is,  to  my  mind,  a  misuse  of  terms,  unless,  indeed, 
we  are  to  confine  the  term  pollex  to  a  two-phalanged  digit,  a 
limitation  for  which  I  can  see  no  justification.  In  a  second 
group  the  three-phalanged  digit  is  radial,  and  the  normal  thumb 
has  two  phalanges.  If  this  last  be  not  a  poUex,  it  will  be 
necessary  to  adopt  the  double  hjrpothesis  that  the  index  is 
doubled  and  that  one  of  the  two  has  lost  a  phalanx.  This  leaves 
the  group  where  the  three-phalanged  digit  is  ulnar  to  a  super- 
numerary having  two  or  less  phalanges,  a  group,  the  members 
of  which,  might  with  more  reason  be  claimed  as  instances  of 
doubled  index.  But  a  consideration  of  the  musculature  in  cases 
of  double  pollex  will,  I  think,  establish  the  fact  that  these  digits 
are  much  more  of  the  nature  of  pollices  than  of  that  of  the  other 
digits.  The  additional  phalanx  is,  of  course,  only  an  incident 
in  a  supernumerary  pollex,  and  we  may,  therefore,  consider  the 
musculature  of  double  thumbs  whether  three-phalanged  or  not. 
As  the  facts  are  of  importance,  I  here  give  Gruber's  tables, 
which  I  have  amplified  by  adding  the  conditions  in  two  ccuses 
published  by  him  in  a  subsequent  paper  to  that  in  which  the 
table  was  given,  as  well  as  the  case  dissected  by  Otto. 
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Table  I. 

Cases  with  a  Double  Metacarpal 

Oasei 

To  Radial  Poll. 

To  U  Inar  Poll.      To  both  Poll. 

Anomalies. 

3.1 

E.    088.    meta- 

£.   secundi  in-    Flexor  lonji^s. 

Abd.    divided  into 

carpi. 

tern. 

abd.      and       fl. 

£.  primi  intem. 
Abductor. 

prop,  poll.;  rad.fl. 
or.  only  an  ulnar 

Opponens. 

belly.        Double 

interpoll. 

4. 

Abductor. 

E.    088.    meta- 

carpL 
EE.  pr.  et  sec 

intem. 
Opponens. 
Flexor  brevis. 
Adductor. 

Flexor  longus. 

Abd.  br.  as  above 
divided  into  two. 

9. 

E.    0S8.    meta- 

Adductor. 

Flexor  longus. 

Abd.  separated  in 
two  below.    Two- 

carpi. 

E.  primi  intern. 

Flexor  brevis. 

Ext  longus. 

bellied  opponens. 
Two-layered  add. 
and  interpolli- 
caris. 

Otto. 

Abductor. 

Adductor  (part). 

Flexor  longus. 

Rt 

Flexor  brevis. 
Opponens. 
Adduct  (part). 
EE.  pr.  et  see. 
intem. 

£.  sec.  intem. 

Otto. 

Abductor. 

Adductor. 

Flexor  longus. 

1  Lt     Opponens. 

£.  primi  intern. 

£.    OSS.     meta- 

carpt. 

E.  sec.  intern. 

Table  II. 


Case. 
1. 

2. 
5. 

Cases  witb  a  Single  Metacarpal 

To  Eadial  Poll. 

To  Ulnar  Poll. 

To  both  Poll. 

Anomalies. 

£.  primi  intern. 
Opponens. 

E.  primi  intern. 

Abductor. 

Opponens. 

•  •  ■                 •  •  • 

E.  sec.  intem. 
Adductor. 

Adductor. 

■  •  •                •  ■  • 

EE.  08S.  meta- 
carpi  et  sec. 
intem. 

Opponens. 

Flexor  brevis. 

Adductor. 

Flexor  longus. 
Abductor. 
Flexor  brevis. 
(E.    088.   meta- 

carpi. ) 
Flexor  longus. 
E.  sec.  intern. 

Flexor  longus. 

£.  primi  intem. 
Abductor. 

InterpoUic. 

Slips  from  uln.  belly 
of  fl.  br.  and  add. 
to  rad.  poll. 

^  The  numbers  are  those  of  Graber's  cases. 
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Table  II. — widinuedL, 


Case. 

Gases  with  a  Doable  Metacarpal 

To  RadUl  Poll. 

To  Ulnar  Poll. 

To  both  Poll. 

Anomalies. 

7. 
9. 

£.  primi  intern. 
Abductor. 

Abductor. 

Abductor. 

£.  primi  intern. 

Opponens. 

Adductor. 

E.  sec.  intern. 
...        ... 

E.  sec  intern. 
Int.  pr.  volar. 
Adductor. 
Flexor  brevis. 

...        ••■ 
E.  sec.  intern. 

Flexor  longus. 
Opponens. 
Flexor  brevis. 
(K    088.   meta- 

carpi) 
Flexor  longus. 
E.  primi  intern. 

Flexor  longus. 

Abd.  div.  below 
two-bellied  oppo- 
nens. 

Double  interpolL 

InterpolL 

Wenzel  Gruber  sums  up  the  account  of  the  musculature  of 
his  cases  by  saying  "  the  arrangement  of  the  flexor  longus  is 
constant  or  almost  so  in  all  the  cases,  and  so  is  that  of  the 
abductor  and  adductor.  The  arrangement  of  the  extensor 
secundi  internodii  frequently  (six-ninths  to  seven-ninths  of  the 
cases)  is  the  same.  In  more  than  half  the  cases  the  interpoUicaris 
is  present,  and  that  in  either  a  single  or  double  condition.  Excep- 
tionally in  hands  with  a  supernumerary  pollex,  a  supernumerary 
extensor  poUicis  et  indicis,  and  also  the  interosseus  primus 
volaris,  may  exist."  The  nature  of  the  musculature  of  these  cases 
of  double  poUex  is,  I  think,  an  exceedingly  strong  argument  for 
the  explanation  of  their  value  in  the  series  of  digits  which  has 
been  suggested  above.  The  following  points  should  be  specially 
noted : — (1)  The  short  muscles  normsJly  belonging  to  the  poUex 
are  fairly  evenly  divided  between  the  two  pollices.  The  inter- 
poUicaris passing  between  the  two  appears  to  be  a  dismember- 
ment of  the  adductor,  and  additional  weight  is  lent  to  this  by 
the  &ct  that  in  Case  6  where  the  adductor  is  dilaminated,  so 
also  is  the  interpollicaris.  (2)  The  extensors  are  also  divided 
between  the  two  pollices.  (8)  The  tendon  of  the  flexor  longus 
alwajrs  divides  into  two  portions,  one  for  either  poUex.  (4) 
Neither  poUex  receives  in  any  case  a  tendon  from  either  of  the 
flexors  of  the  digits  or  from  the  extensor  communis  digitorum. 
(5)  In  the  case  where  they  are  mentioned  the  carpal  extensors 

^  Cases  8  and  9  are  firom  Virckow'i  Archdv,  Bd.  xcv.  s.  186. 
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Are  not  connected  with  the  nlnar  poUez^  but  pass  to  the  next 
two  fingers  in  the  series.  The  facts,  then,  seem  to  point  to  the 
conclusion  that  these  supernumerary  digits  are  both  really  of 
the  nature  of  thumbs,  or  perhaps  it  would  be  more  accurate  to 
say  that  they  are  the  first  and  second  digits  of  a  hexadactylous 
manus.  In  any  case  there  appears  to  be  no  reason  for  supposing 
that  the  ulnar  of  the  two  is  a  reduplication  of  the  index  finger. 

II.  The  absent  Toember  of  the  normal  thv/wh. 
In  a  paper  from  which  quotation  has  already  been  made, 
Burt  Wilder  discusses  the  question  as  to  what  constitutes  a 
digit  or  dactyl,  and  points  out  that  whilst  **  among  the  mammalia, 
the  vast  majority  of  those  digits  and  dactyls  about  which  no 
question  can  arise,  consist  of  three  phalanges,  are  visible  to  the 
eye  as  subdivisions  of  the  distal  extremity  of  the  member,  and 
perform  some  obvious  function  in  the  economy  of  the  animal; 
the  ordinary  mammalian  digit  or  dactyl  being  thus  functional, 
visible,  and  trimerous,  there  are  many  exceptions  to  this  defini- 
tion." Arguing,  however,  from  the  trimerous  nature  of  the 
great  majority  of  digits,  most  writers  on  anatomy  seem  to  be 
agreed  that  the  typical  pollex  would  possess  a  met€U^rpal  and 
three  phalangea  The  three-phalanged  pollex  might,  therefore, 
be  viewed  as  a  return  to  the  typical  condition.  On  the  other 
hand,  as  Professor  Howes  has  been  good  enough  to  point  out  to 
me,  it  is  very  questionable  whether  such  a  condition  can  in  any 
just  sense  be  called  reversional,  since,  as  he  says, "  if  the  appear- 
ance of  a  third  phalanx  be  really  reversional,  it  is  strange  that 
the  palaeozoic  Stegocephali  should  not  possess  more  than  twa" 
In  £Gu:t,  the  Cetacea  are  the  only  members  of  the  mammalia 
possessing  in  some  instances  more  than  two  phalanges  in  the 
pollex  (Catodon,  Physeter  simus,  Globiocephalus).  Waiving 
the  question  of  atavism,  it  is  legitimate  to  enquire  into  the 
nature  of  the  morphology  of  the  members  of  the  normal 
pollex,  in  connection  with  those  supplied  with  three  phalanges. 
Differing  views  have  been  put  forward  on  this  question  by 
writers  on  anatomy.  Humphry,^  after  giving  several  reasons 
in  fiivour  of  the  view  that  the  proximal  member  corre- 
sponds with  a  phalaDX,  says — 

^  Human  SkeUUm,  p.  896. 
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"  It  is  evident,  in  short,  that  the  first  bone  is  neither  truly  a 
metacarpal  bone  nor  a  phalanx,  but  is  intermediate  between  the  two. 
Taking  all  things  into  consideration,  it  is  perhaps  most  correct,  as  it 
is  certainly  most  convenient  for  description,  to  continue  to  call  it  a 
metacarpal  bone,  and  to  consider  that  the  second  phalanx,  with  its 
flexor  perforatus  tendon,  is  the  digital  segment  which  is  missing  in 
the  thumb." 


And  in  a  note  he  say£ 

''  This  view  derives  confirmation  from  comparative  anatomy." 

Sappey  ^  says — 

"  On  pent  le  consid^rer,  avec  MM.  Joly  et  Lavocat,  comme  compost 
d'un  m^tacarpien  rudimentaire  et  de  la  premiere  phalange  du  pouce. 
Le  m^taoarpien  et  la  phalange  ont  chacun  pour  origine  un  point 
osseux  distinct.  Mais  ces  deux  points,  au  lieu  de  rester  ind^pendants, 
se  soudent  Fun  k  Tautre.  Le  point  d'ossification  sup^rieur,  ou  le 
m^tacarpien  proprement  dit,  repr^sente  k  peine  le  sixi^me  de  Tos ;  le 
point  d'ossification  inf^rieur,  ou  la  premiere  phalange  du  pouce,  en 
forme  la  presque  totality.  Ainsi  constitute  il  appartient  beaucoup 
plus  aux  phalanges  qu'aux  m^tacarpiens,  et  devait  offrir  surtout  lea 
charact^res  qui  distinguent  les  premieres ;  ce  sont  ces  charactered 
qu'on  retrouve  en  efiet  sur  son  corps  et  son  extr^mit^  infi^rieure." 

Henle'  considers  that  the  controversy  has  been  settled  by 
the  observations  of  Uffelmann,  to  which  I  shall  allude  more 
particularly  later  on,  and  says — 

^'Der  Mittelhandknochen  des  Daumens  weder  ein  eigentlicher 
Mittelhandknochen  noch  eine  Phalange,  sondem  ein  Reprasentant 
beider  ist." 

Maclise'  says — 

'*  I  have  reason  to  believe  that  the  bone  which  we  term  the  meta- 
carpal bone  of  the  thumb  in  one  animal  is  the  true  homologue  of  the 
first  phalanx  of  the  finger  (in  his  figure),  and  for  this  reason,  viz., 
that  the  metacarpal  bone  of  the  human  thumb  is  constituted  of  two 
ossicles,  which  have  become  consolidated.  If  we  class  the  hindmost 
ossicle  with  the  other  metacarpal  bones,  the  foremost  ossicle  will 
represent  the  first  phalanx  of  the  other  fingers,  and  this  will  give 
three  phalanges  to  the  thumb,  as  to  the  other  fingers.  It  is  worthy 
of  notice,  that  the  so-called  metacarpal  bone  of  the  thumb  corresponds 
as  to  the  nucleary  deposit  with  the  first  phalanx  of  the  finger." 

Struthers,  discussing  this  question  in  connection  with  the 
cases  of  three-phalanged  thumbs  already  quoted,  says^ — 

^  Traiid  d^AncUomie,  i  p.  391. 

*  Hdb.  der  AnaL  dea  Menaehen,  pt.  i.  a.  261. 

*  Todd's  Ouelop.  Anat,  amd  Phys.,  art  "Skeleton,**  p.  663. 

*  Op,  eU,,  p.  111. 


ADDITIONAL  PHALANX  IN  THE  HUMAN  POLLEX.         Ill 

*'  The  ^ts  in  comparative  osteogeny  show,  that  the  position  of 
the  epiphysis  is  decisive  in  establishing  the  view  that  the  bone 
which  is  wanting  in  the  human  thumb  and  great  toe,  and  in  the 
internal  digit  of  other  five-toed  mammals,  is  the  metacarpal  and 
metatarsal,  although  custom  and  convenience  lead  us  to  apply  these 
terms  to  the  bone  which  homologically  is  the  proximal  phalanx." 

Turning  novr  to  the  cases  of  three-phalanged  pollices,  the 
chief  noteworthy  point  in  the  present  connection  is  that  in 
those  instances  where  the  condition  is  sufficiently  described, 
the  smallest  of  the  members  is  the  middle  or  second  phalanx, 
this  heing  so  markedly  the  case  in  one  of  Struthers'  subjects, 
that  he  speaks  of  "  the  additional  bone  occup3dng  the  position 
of  a  middle  phalanx."  Now,  as  in  normal  digits,  the  middle 
phalanx  is  considerably  larger  than  the  distal,  it  would  from 
this  appear  that  this  smaller  second  phalanx  was  the  intruder, 
and  thus  that  it,  as  Humphry  suggests,  is  the  missing  member 
in  the  human  pollex.  The  question  is,  however,  one  which 
can  only  be  satis&ctorily  settled  from  embryological  considera- 
tions, and  it  may,  therefore,  be  well  to  review  it  in  the  light  of 
recent  observations  as  to  the  nature  and  origin  of  the  phalanges 
and  of  certain  structures  connected  with  the  articulations. 

Boulenger  ^  having  published  a  paper  in  which  he  confirmed 
former  statements  as  to  the  existence  of  a  supernumerary 
phalanx  between  the  ultimate  and  what  is  normally  the  penul- 
timate one  in  the  Polypedatinse,  Professor  Howes  and  Mr 
Davies  were  led  to  investigate  the  morphology  and  genesis  of 
supernumerary  phalanges.^  In  this  paper  they  have  shown 
that  a  structure,  such  as  the  fibrous  pad  of  the  common  frog, 
may  be  looked  upon  as  the  homologue  of  the  skeletal  super- 
numerary phalanx  of  the  higher  Ranidae  and  Hylidse.  From 
the  examination  of  various  amphibians,  they  conclude  that 

'*the  phalanges  and  syndesmoses  are,  together  with  their  investing 
sheath,  differentiations  of  a  continuous  and  common  blastema ;  and 
that  the  syndesmoses,  while  intimately  related  to  the  sheath,  are 
formed,  not  as  ingrowths  of  the  same  but  as  differentiations  of  that 
maaairom  which  the  phalanges  are  derived,  and  that  they  differ  from 
these,  initially,  only  in  degree  of  elongation." 

These  facts  show  that  the  supernumerary  phalanx,  the  normal 
phalanges,  and  the  sydnesmoses  are  all  on  a  developmental 

^  Proe.  Zool  Soc,  1888,  p.  204.  >  Ibid,,  p.  495. 
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equality.  The  last  named  must  then  be  looked  upon  as 
structures  which,  despite  secondary  changes,  would  be  liable  to 
take  on  more  or  less  completely  the  condition  of  a  phalanx. 
Indications  of  this  are  not  wanting ;  for  Leydig,  in  describing 
the  supernumerary  phalanx  (his  " Zwischengelenkknorpel" )  in 
Eyla  Arborea,  asserts — 

"Er  fehlt  selbst  bei  Beptilien  nicht^  wo  ioh  denselben  frtther 
ubersehen  hatte ;  gegenwartig  kenne  ich  ihn  bei  Lacerta  {L.  muralis 
und  Platydadylvs  mauntanicusJ* 

And  in  the  conclusions  at  the  termination  of  their  paper  th^ 
state — 

''  1.  That  the  supernumerary  phalanx  of  the  Anura  Ib  a  true 
phalanx,  and,  at  the  same  time,  structurally  identical  with  the  inter- 
phalangeal  Byndesmosis  of  these  and  the  other  Amphibia,  all  tran- 
sitions between  the  two  being  represented  in  adults  of  the  living 
forms.  2.  That  the  syndesmoses  and  phalanges  are  differentiations 
of  a  common  blastema.  3.  That  the  facts  of  development  herein 
recorded  indicate  a  possible  intercalary  origin,  from  inter-articular 
syndesmoses  for  supernumerary  phalanges  in  general  ** 

In  a  paper  on  the  development  of  the  joints  in  birds  and 
mammab,  Hepburn,^  though  not  dealing  with  the  question  of 
supernumerary  phalanges,  has  also  shown  that  the  bone- 
matrices  and  the  articular  disc  possess  a  tissue  continuity,  and 
are  derivatives  of  a  common  blastema,  of  which  the  articular 
disc  is  at  first  the  undifferentiated  form ;  and,  further,  that  the 
articular  disc  may  develop  into  a  plate  of  cartilage  and  form  a 
synchondrosis,  or  may  differentiate  into  fibrous  tissue  and  form 
a  syndesmosis  or  e^arthrosis,  or,  finally,  may  partly  cleave  and 
form  a  joint-cavity.  Again,  he  has  shown  that  the  proximal  and 
distal  segments  of  the  articular  disc  develop  into  the  articular 
cartilages  of  the  joint,  and  probably  form  part,  if  not  all,  of  the 
epiphyseal  ends  of  the  bones,  that  the  circumference  of  the 
articular  disc  developes  into  the  capsule  of  the  joint,  and  that 
inter-artioular  fibro-cartilages  and  ligaments  are  derived  fixmi 
the  articular  disc  as  the  result  of  the  modifications  of  the  joint- 
cavity.  From  the  researches  of  these  authors  it  follows  that 
vaiious  structures  in  the  digits  are  of  the  same  morphological 
value  as  the  bony  segments,  and  that  in  them  we  may  find  a 
clue  to  the  origin  of  the  additional  phalanx  occasionally  met 

^  Jour,  qf  AnaJt,  amd  Phys.,  vol  zxiii  p.  M7« 
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with  in  the  pollex.  But  in  addition  to  what  has  just  been 
stated,  there  is  evidence  to  show  that  segments  of  the  digit 
which  are  present  in  the  foetus  may  abort  and  be  non-existent 
in  the  adult.  Thus  Wiedersheim  states/  that  though  the 
third  finger  in  all  existing  carinates  has  only  one  phalanx  as 
compared  with  four  in  archseopteryx ;  in  embryos  of  the  duck, 
a  cartilaginous  rudiment  of  a  second  phalanx  is  present  in  the 
third  finger  of  the  manus.  Amongst  the  mammalia  Kukenthal 
has  shown  that  in  Globiocephalua  Tnelas?  and  in  Beluga  leibcaa? 
there  is  a  reduction  in  the  number  of  phalanges  in  passing 
iix)m  the  foetal  to  the  adult  condition.  Taking  these  last- 
mentioned  facts  in  connection  with  the  observations  of  Howes 
and  Hepburn,  it  would  seem  probable  that  some  structure 
exists  in  the  pollex  which  is  capable  by  further  and  independent 
development  of  giving  rise  to  an  additional  segment.  It  now 
remains  to  enquire  whether  any  trace  of  such  a  structure  is  to 
be  met  with  in  the  development  of  the  thumb.  It  has  already 
been  mentioned  that  Sappey  considered  the  proximal  segment 
of  the  pollex  as  consisting  of  a  metacarpal,  the  proximal 
epiphysis  and  a  phalanx,  the  diaphysis,  the  two  being  fused  to 
forai  one  bone  in  the  adult.  In  this  description,  however,  he 
took  no  account  of  the  distal  epiphysis.  Thomson,*  states 
that 

"from  the  circumstance  that  in  all  favourable  instances  which 
have  come  under  my  notice  at  ages  between  seven  and  fifteen 
years,  traces  of  the  separation  of  the  distal  epiphysis  have  been  found 
in  both  the  first  metacarpal  and  metatarsal  bones,  I  am  inclined  to 
look  upon  the  disposition  at  least  to  the  formation  of  such  epiphyses 
as  general ;  while  in  a  certain  number  of  instances,  the  proportion  of 
which  I  cannot  at  present  determine,  the  separation  by  cartilage  of  a 
bony  epiphysis  is  at  one  time  complete." 

A  moi'e  complete  account  of  the  behaviour  of  this  end  of  the 
bone  is  given  by  Uffelmann,^  who  has  shown — 

"  Dass  in  einem  gewissen,  mehrere  Jahre  dauernden  Stadium  der 
Entwickelimg   der   Anschein    eines    besonderen    Knochenkems    in 

*  Comp,  Anat,  of  FertebreUes,  Eng.  ed.,  p.  107. 

*  AnaL  Anzeiger,  1888,  s.  638. 
»  iWi,  912. 

*  Jour,  of  Aiud.  and  Phys.f  vol.  iii.  p.  131. 

■  Ikr  MiUlchaTidknochen  dea  DaumcjiSj  Gottiugen,  1863.     Quoted  by  Henle, 
loceU, 

VOL.  XXVI.  (N.S.  VOL.  VI.)  H 
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Capitulum  besteht,  ohne  dass  ein  solcher  jemals  in  Wirklichkeit 
Yorhanden  ware.  Beim  Neugeborenen  ist  die  untere  Cbondroepiphjsis 
etwas  weniger  bocb  als  die  obere,  umgekebrt  wie  bei  den  Ubrigen 
Mittelbandknochen.  Im  dritten  Lebensjabre  zeigt  sicb  der  Knocben- 
kem  in  der  oberen  Cbondroepipbyse  und  im  secbszebnten  Jabre, 
friiber  als  irgend  eine  andere  Epipbjse  der  Handknocben,  verwacbst 
er  mit  der  Diapbyse.  Am  unteren  Ende  des  Daumen-Mittelband- 
knocbens  wacbst,  zwiscben  dem  Ende  des  ersten  und  dem  dritten 
Lebensjabre,  von  der  Endflacbe  der  Diapbyse  ein  stummelabnlicber 
Fortsatz  in  die  Cbondroepipbyse  binein,  der  radial  warts  am  weitesten 
yon  der  Oberflacbe  des  Knorpels  entfemt  bleibt,  dieselbe  aber  aucb 
nlnarwarts  nicbt  erreicbt.  Im  acbten  Jabre  ragt  die  Diapbyse 
mittelst  dieses  Fortsatzes  bis  in  die  Kabe  der  Articulationsflacbe ;  an 
der  radialen  Seite  bleibt  zwiscben  dem  Fortsatz  und  dem  entspre- 
cbenden  Tbeil  der  Endflacbe  der  Diapbyse  eine  dtinne  lage  Enorpel 
lange  Zeit  von  der  Articulation  ausgescblossen,  die  nocb  in  zwolfben 
Jabre  0*75  mm.  macbtig  ist.  Sagittale  Scbnitte,  welcbe  etwas 
radialwarts  von  der  Mitte  des  Knocbens  angelegt  sind,  gewabren  also 
um  diese  Zeit  das  Bild  einer  selbstandigen  Epipbyse,  wabrend  weiter 
ulnarwarts  die  Knocbensubstanz  des  Mittelstticks  und  des  Kopfcbens 
continuirlicb  zusammenbangen.  Yom  zwolften  Jabre  an  ossificirt  die 
Zwiscbenknorpelscbeibe  langsam  von  der  Tiefe  gegen  die  Oberflacbe  ; 
vor  voUendete  Ossification  macerirte  Knocben  zeigen  eine  mebr  oder 
weniger  tiefe  Furcbe  zwiscben  Kopfcben  und  Korper  an  der  radial 
seite,  die  als  eine  unvollstandig  verwacbsene  Epipbysengrenze  gedeutet 
worden  sein  mag." 

It  seems  possible  tbat  in  tbis  distal  epipbysis  we  may  have 
a  structure  capable  of  taking  an  independent  development,  and 
tbus  of  giving  rise  to  a  supemumei-aiy  phalanx,  which  in  this 
case  would  be  the  first.  This  hypothesis  can  only  be  put 
forward  in  a  tentative  manner,  and,  indeed,  the  whole  question 
requires  the  further  examination  of  suitable  material,  not 
always  easy  to  obtain,  for  its  complete  elucidation.  It  may 
reasonably  be  objected  that  such  a  hypothesis  leaves  the 
question  of  the  proximal  epipbysis  of  the  metacarpal  unsettled, 
but  it  should  not  be  forgotten  that  Thomson  has  described  the 
occasional  presence  of  indications  of  a  similar  epiphysis  in  the 
metacarpal  bone  of  the  index  finger. 

III.  Relation  to  the  prcepoUex  question. 

I  do  not  intend  entering  at  any  length  into  this  question, 
because  I  hope  to  do  so  in  a  paper  upon  which  I  am  now 
engaged,  and  in  which  I  propose  to  deal  fully  with  the  subject 
of  polydactylism,  but  there  are  a  few  points  which  it  may  be 


ADDITIONAL  PHALANX   IN  THE  HUMAN  POLLEX.  115 

convenient  to  allude  to  now  in  connection  with  the  present 
subject.     Professor    Bardeleben    has    bix)ught    forward    much 
evidence  to  show  that  the  typical  manus  and  pes  are  hepta- 
dactylous^  and  that  rudiments  of  the  first  (praepoUex)  and  the 
seventh  (postminimus)  digits  exist  in  a  wide  range  of  animals ; 
and  this  view,  whilst  disputed  by  some,  has  received  the  support 
of  other  writers.     I  think  that  his  theory  receives  a  certain 
amount   of  support  from   the   condition   with   which   I   have 
been  dealing.     It  is  certainly  suggestive  that  the  presence  of 
Bardeleben's  prsepoUex  in  the  human  manus  should  be  accom- 
panied by  an  assumption  of  the  trimerous  digital  condition  by 
the  next  member,  viz.,  the  normal  pollex.     There  remain  in 
this  case  the  other  two  conditions,  in  which  the  three-phalanged 
pollex  is  met  with,  to  be  explained.     With  regard  to  those 
cases  where  the  trimerous  pollex  replaces  the  normal  thumb, 
they,  I  think,  need  not  be  considered  in  this  connection,  since 
no  element  of  polydactylism  enters  into  the  question.     But  the 
other  and  rarer  cases  where  the  trimerous  digit  is  radially 
placed,  and  is  separated  from  the  index  by  a  dimerous  pollex, 
are  more  difficult  to    explain.     Perhaps    a    solution    of   the 
difficulty  may  be  found  in  comparing  the  condition  with  the 
well-known  cases  where   a  normally   trimerous  digit  in   the 
centre  of  the  series  is  dimerous,  a  state  of  affairs  which  may 
extend  to  more  than  one  finger. 
I  venture  to  offer  the  following  conclusions : — 

(1)  That  the  three-phalanged  pollex,  when  existing  in  a 

pentadactylous  manus,  is  not  an  example  of  duplica- 
tion of  ordinary  digit,  but  is  a  true  thumb. 

(2)  That  the  musculature  shows  that  where  there  is  an 

additional  digit  on  the  radial  side,  it  and  the  digit 
next  to  the  index,  both  partake  of  the  nature  of  thumbs, 
and  may  be  looked  upon  as  the  first  and  second  digits 
of  a  hexadactylous,  or,  perhaps,  as  in  Btidinger's  case, 
of  a  heptadactylous  manus. 

(3)  That   the  missing  segment  of  the  normal  thumb  is 

the  proximal  phalanx,  and  that  it  is  represented  by 
the  distal  epiphysis  of  the  metacarpal  bone. 
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(4)  That  the  combination  of  a  supernumerary  pollex  with 
a  trimerous  digit  separating  it  from  the  index  lends 
a  certain  amount  of  support  to  Bardeleben  s  view  as 
to  the  nature  of  the  typical  manus. 


EXPLANATION  OF  PLATE  IL 

Fig.  1.  Left  hand— dorsal  aspect. 
Fig.  2.      „       „    —palmar    „ 

Fig.  3.  Right  „    — dorsal      „ 
Fig.  4.     „       „    —palmar     „ 


A  CASE  OF  TRANSPOSITION  OF  THE  THORACIC 
AND  ABDOMINAL  VISCERA  WITH  CONGENITAL 
MALFORMATION  OF  THE  HEART  AND  CERTAIN 
ABNORMALITIES  OF  THE  ARTERIAL  AND 
VENOUS  SYSTEMS.1  By  T.  Wardrop  Griffith,  M.D., 
Professor  of  Aihoiomfiy,  Yorlca  Coll.,  Leeds,  Ron.  Physician, 
Leeds  Pvhlic  Dispensary. 

The  following  case  is  worthy  of  detailed  anatomical  description, 
on  account  of  the  remarkable  combination  of  so  many  structural 
anomalies : — 

T.  C,  a  male  child  aged  6  weeks,  was  brought  to  my  out-patient 
department  on  September  22nd,  1890.  The  condition  complained 
of  was  that  of  cyanosis,  and  his  mother  stated  that  this  had  been 
present  from  birth.  The  cyimosis  varied  very  much  in  intensity, 
being  sometimes  very  marked,  and  being  temporarily  increased  by 
coughing  or  crying.  He  had  had  convulsions  at  birth,  and  had 
suffered  more  or  less  from  cough  ever  since. 

On  examination  the  cardiac  impulse  and  dulness  were  readily 
made  out  to  the  right  of  the  sternum,  while  no  impulse  nor  any 
dulness  was  perceptible  on  the  left  side.  The  heart  sounds  were 
much  louder  to  the  right  than  to  the  left  of  the  sternum  :  no  bruit 
vas  made  out  anywhere.  A  good  resonant  note  was  made  out  all 
over  the  area  of  the  lungs :  there  was  no  evidence  of  fluid  in  the 
pleura.  The  liver  dulness  was  absent  from  the  right  side,  where  the 
lung  resonance  and  the  tympanitic  note  of  the  hollow  abdominal 
Tisoera  were  continuous  with  one  another.  The  liver  dulness  was 
made  out  on  the  left  side,  and  was  apparently  of  normal  extent,  and 
the  organ  could  be  made  out  by  palpation  below  the  costal  margin. 
The  existence  of  the  spleen  could  not  be  made  out  on  either  side  by 
palpation  or  percussion.  The  right  testicle  was  very  slightly  but 
ondoubtedly  lower  than  the  left. 

This  child  was  the  youngest  of  eleven.  The  mother  stated  that 
during  the  pregnancy  she  had  suffered  from  palpitation,  but  this  she 
did  not  mention  until,  from  my  frequent  examinations,  and  my 
remarks  on  the  case,  she  had  grasped  the  fact  that  the  child  had 
some  abnormal  condition  of  the  heart.  The  mother  had  had  one 
miscarriage  at  the  sixth  month :  one  child,  bom  early  in  the  eighth 
month,  died  at  the  age  of  seven  weeks  of  a  decline : "  the  child  next  in 
age  to  the  patient  was  bom  at  the  full  time,  but  lived  only  a  few 
minutes.  The  father,  mother,  and  all  the  brothers  and  sisters  are 
right-handed. 

^  Communicated  to  the  Anatomical  Society,  May  1891. 
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The  patient  is  said  frequently  to  twitch  with  his  left  hand,  but  on 
the  many  occasions  I  saw  him  I  did  not  notice  this. 

The  child  remained  constantly  under  my  observation  till  its  death 
on  February  1st,  1891.  During  aU  that  time  it  was  deeply  cyanosed. 
The  same  physical  signs  were  frequently  made  out,  but  on  the  13th 
of  October  I  thought  I  made  out  a  faint  systolic  bruit  over  the 
middle  of  the  precordial  area. 

The  general  nutrition  of  the  child  was  fairly  good ;  there  was  no 
clubbing  of  the  fingers  or  toes,  nor  were  they  unduly  cold.  On  the 
2nd  of  October  Dr  Lloyd  Jones  kindly  examined  the  blood,  and 
found  the  specific  gravity  was  1064. 

About  three  weeks  before  its  death  the  child  began  with  an 
attack  of  chicken-pox,  which  passed  through  a  natural  course.  The 
child  was  never  so  well  after;  it  suffered  from  cough  and  was  always 
more  cyanosed  than  formerly.  Death  was  gradual,  and  is  said  to 
have  been  preceded  by  jerking  of  the  right  leg  and  arm,  and  of  the 
right  side  of  the  face. 

The  patient  was  shown  at  the  December  meeting  of  the  Leeds  and 
West  lUding  Medico-Chirurgical  Society,  and  shortly  after  this  I  wrote 
out  the  case  for  publication.  The  subjoined  paragraphs,  constituting 
as  they  do  without  alteration  my  "  remarks ''  appended  to  the  clinical 
report,  give  the  view  I  entertained  of  the  case. 

'*  There  can,  I  think,  be  no  doubt  that  a  communication  exists 
between  the  two  sides  of  the  heart,  or  between  the  aorta  and  pulmon- 
ary artery.  The  conmionest  auscultatory  sign  of  a  communication 
between  the  two  sides  of  the  heart,  or  at  least  of  a  patent  foramen 
ovale,  is  a  systolic  bruit  with  its  maximum  at  the  base,  due  to  ob- 
struction at  the  pulmonary  orifice,  a  condition  which  will  prevent  the 
closure  of  the  foramen  by  determining  a  high  blood-pressure  in  the 
right  side  of  the  heart.    This  physical  sign  was  not  present  in  the  case. 

"The  signs  of  transposition  were  very  distinct.  When  the  signs 
point  to  transposition  of  the  heart  alone,  one  must  carefully  eliminate 
all  sources  of  fallacy,  such  as  fluid  in  the  pleura,  collapse  of  the  lung, 
or  deformity  of  the  chest ;  and,  especially  when  patent  foramen  ovale 
is  present,  one  must  be  careful  not  to  mistake  hypertrophy  of  the 
right  ventricle  from  pulmonary  obstruction,  for  actual  transposition. 

"  In  this  case,  however,  the  absence  of  such  sources  of  fallacy,  and 
the  altered  position  of  the  liver,  leaves  no  room  for  doubt. 

"  Whether  the  transposition  of  the  viscera,  and  the  condition  giving 
rise  to  the  cyanosis  co-exist  in  my  patient  otherwise  than  as  a  coin- 
cidence I  cannot  definitely  say.  Cases  of  cyanosis,  from  malformation 
of  the  heart,  are  not  so  uncommon  as  to  render  their  occurring  in 
those  the  subjects  of  transposition  very  unlikely,  but  the  absence  of 
a  systolic  pulmonary  bruit  is  somewhat  against  this  view,  and  makes 
me  inclined  to  think  there  may  be  some  anomaly  in  the  development 
of  the  aortic  bulb  septum." 

The  post-mortem  examination  was  made  twenty-eight  hours 
after  death.    I  was  assisted  in  making  it  by  Mr  J.  W.  Haigh, 
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to  whom  also  I  am  indebted  for  the  sketches  in  illustration  of 
this  paper. 

The  autopsy  revealed  essentially  two  conditions :  firstly 
a  transposition  of  the  thoracic  and  abdominal  viscera,  and 
secondly  a  series  of  remarkable  abnormalities,  chiefly  in  the 
vascular  arrangements.  These  I  purpose  describing  together 
and  discussing  the  various  points  of  interest  as  I  proceed. 

The  body  was  well  nourished,  rigor  mortis  was  not  present ; 
there  were  no  undue  signs  of  decomposition. 

On  opening  the  abdomen,  the  notch  in  the  anterior  border 
of  the  liver  was  found  to  the  left  of  the  middle  line,  and  the 
left  side  of  the  falciform  ligament  was  directed  obliquely  upwards. 
The  liver  not  only  lay  chiefly  in  the  left  side  of  the  abdomen, 
but  was  transposed  as  to  its  details,  the  left  lobe  having  the 
secondary  lobes  on  its  under  surface.  To  the  vascular  and 
peritoneal  relations  of  the  liver  which  are  of  much  interest,  I 
shall  return  later. 

The  stomach  was  found  on  the  right  side  with  the  pylorus 
directed  to  the  left,  and,  as  would  be  anticipated  from  a  con- 
sideration of  its  development,  the  right  vagus  nerve  was  dis- 
tributed on  the  anterior  and  the  left  on  the  posterior  surface. 

The  spleen  lay  on  the  right  hand  side  of  the  stomach,  and 
was  peculiarly  divided  into  two  by  a  furrow  running  vertically 
along  its  convex  aspect,  and  a  small  rounded  nodule  of  spleen- 
like structure  (spleniculus)  was  found  close  to  its  lower  end. 

The  small  intestine  presented  no  anomaly  beyond  the  trans- 
position ;  but  the  caecum,  which  occupied  the  left  iliac  fossa, 
and  the  ascending  colon,  were  enclosed  within  the  layers  of 
the  mesentery,  and  could  be  lifted  out  of  the  abdomen,  leaving 
the  posterior  wall  from  the  diaphragm  down  to  the  left  iliac 
fossa  empty  and  covered  with  peritoneum.  This  anomaly  is 
of  course  not  a  very  uncommon  ona  I  have  seen  two  other 
examples  of  it  during  the  last  three  years.  The  csecum  was 
cone-shaped,  and  the  vermiform  appendix,  which  had  a  short 
mesentery,  was  continued  from  its  apex. 

The  left  kidney  was  cystic  and  small,  and  had  no  true 
secreting  tissue ;  the  right  organ  was  decidedly  large  and  was 
normal  in  structure. 

On  opening  the  thorax  the  pericardial  sac  was  found  lying 
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well  over  to  the  right  side.  It  was  prominent,  so  that  with  the 
usual  collapse  of  the  lungs  incidental  to  opening  the  chest  the 
lower  lobe  of  the  right  side  could  not  be  seen  without  disturb- 
ing the  heart.  There  was  a  small  amount  of  clear  fluid  in  the 
pericardial  sac. 

The  heart  was  transposed,  its  apex  pointing  to  the  right, 
and  the  systemic  auricle  was  on  the  lefb  side,  while  the 
vestigeal  fold  of  Marshall  was  made  out  on  the  right.  But 
besides  the  general  transposition,  there  were  found  to  be 
many  abnormalities  of  development  which  required  very  care- 
ful looking  into.  I  therefore  injected  the  heart  and  great 
vessels  with  gelatine  and  carmine,  which  enabled  me  to  make 
out  the  external  configuration  of  the  heart  and  the  relations  of 
the  vessels.  This  was  done  from  the  superior  vena  cava,  and 
the  injection  readily  found  its  way  into  all  the  cavities  of  the 
heart  and  the  great  vessels,  as  well  as  into  the  cardiac  veins 
and  the  coronary  arteries.  This  injection  was  subsequently 
removed  to  admit  of  an  examination  of  the  interior  of  the  heart. 

We  will  begin  with  a  general  conception  of  transposition  of 
the  heart  as  a  whole  and  of  its  various  parts,  and  of  trans- 
position of  the  main  vessels,  as  if  the  entire  system  were  seen 
in  a  mirror. 

On  drawing  the  heart  over  to  the  right,  the  left  auricle  was 
well  exposed  to  view  (fig.  2).  It  received  from  above  the  supe- 
rior vena  cava — a  left  cava  of  course — and  from  below  a  large 
vessel  coming  up  through  the  central  tendon  of  the  diaphragm, 
and  which  I  refer  to  at  present  as  the  inferior  cava.  On  the 
anterior  surface  of  the  auricle  there  was  a  small  convexity  or 
boss  which  at  first  I  took  for  the  auricular  appendix  (fig.  2  *), 
but  further  examination  revealed  a  long  process  projecting  to 
the  right,  behind  the  aorta  and  rudimentary  pulmonary  artery, 
and  coming  into  full  view  from  the  front,  pretty  much  in  the 
normal  position  of  the  right  auricle  (figs.  2  and  1,  L,  An\).  I  shall 
have  something  more  to  say  of  this  presently,  but  now  will 
simply  state  that  I  regard  it  as  the  auricular  process  proper  and 
the  boss  as  a  chcmce  dilatation.  This  auricle  was  opened  from 
behind  and  the  left  by  an  incision  from  the  inferior  to  the 
superior  vena  cava  and  by  a  transverse  incision  from  this  along 
to  the  appendix  (fig.  3).     The  cavity  was  large,  much  larger 
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it  will  be  seen  than  the  right  auricle ;  its  posterior  and  left  sides 
were  smooth,  but  the  anterior  sur&ce  and  auricle  presented 
many  trabeculse  and  well-marked  musculi  pectinatL  There  was 
an  abrupt  transition  from  the  smooth  wall  of  the  inferior  cava 
to  the  auricular  wall,  and  here  a  very  faint  fringe  probably 
indicated  the  existence  of  the  Eustachian  valva  The  fossa 
ovalis  was  floored  by  an  imperfect  septum,  which  left  an  upper 
and  lower  space,  each  bounded  by  the  crescentic  margin  of  the 
septum.  Some  of  the  coronary  veins  described  below  opened  by 
a  common  orifice  between  the  inferior  cava  and  the  fossa  ovalis. 

The  right  auricle  received  the  pulmonary  veins,  which  were 
of  fair  size :  its  auricular  process  extended  forward  under  the 
left  process  and  was  seen  from  the  front  (fig  1.) :  the  cavity  was 
much  smaller  than  that  of  the  left  side. 

Each  of  these  two  cavities  opened  with  a  common  ventricle, 
which  constituted  by  far  the  greater  part  of  the  heart  as  seen 
from  the  front  (fig.  1).  Passing  from  the  left  side  of  the  base 
of  this  ventricle  was  the  aorta,  while  just  to  the  right  of  this 
was  a  very  slight  flattened  elevation  exactly  in  the  position 
where  one  would,  making  allowance  for  the  transposition,  have 
expected  to  find  the  pulmonary  artery  (fig.  1  *). 

On  opening  the  ventricle  the  cavity  was  found  to  be  large 
and  irregular,  with  walls  of  moderately  uniform  thickness,  pro- 
vided with  the  usual  arrangement  of  columnae  earner  (fig.  4). 
This  was  imperfectly  cut  up  into  two  by  a  septum,  which 
started  below  and  to  the  left  of  the  apex  and  passed  upwards 
and  to  the  right,  extending  up  along  the  anterior  and  posterior 
walls  of  the  ventricle,  but  having  a  crescentic,  fleshy,  free  upper 
margin,  so  that  when  the  parts  were  replaced  in  situ  an  opening 
large  enough  to  let  the  handle  of  a  scalpel  pass  through  existed. 
The  septum  at  its  attachment  to  the  ventricular  wall  was  about 
|-inch  thick,  it  then  diminished  in  thickness,  and  its  margin 
measured  about  ^-inch  and  was  rounded.  Partly  filling  up  the 
gap  was  the  septal  flap  of  the  left  auriculo- ventricular  valve. 

It  is  thus  seen  that  the  right  ventricle  formed  the  whole  of  the 
apex,  and  yet  was  much  the  smaller.  Opening  into  this  was  the 
right  auriculo-ventricular  opening  bounded  by  a  bicuspid  valve. 

The  left  ventricle  was  much  the  larger :  opening  into  this,  to 
the  right  hand  side  of  the  base,  was  the  opening  from  the  left 


TRANSPOSITION   OF  THORACIC  AND  ABDOMINAL  VISCERA.   123 

aaricle.  The  ventricular  cavity  extended  upwards  to  the  left, 
and  in  front  of  this,  forming  a  "  conus  "  leading  to  the  aortic 
opening,  which  was  provided  with  normal  semilunar  valves. 
There  was  no  connection  between  the  aortic  semilunars  and  the 
aoriculo-ventricular  valves.  Those  of  the  right  side  were,  of 
course,  fsur  away,  and  those  of  the  left  were  separated  from 
them  by  a  thick  muscular  projection. 

The  auriculo-ventricular  valves  were  continuous  with  one 
another  by  the  septal  flap  of  the  left  and  the  antero-lefb  flap  of 
the  right ;  at  the  point  of  junction  they  were  puckered,  and 
were  joined  from  above  by  the  auricular  septum.  The  right 
valve  had  two  flaps,  an  antero-left  and  a  postero-right,  with 
papillaiy  muscles  arising  from  the  ventricular  walls  opposite 
the  commissures.  The  left  valve  had  three  flaps,  which  were 
arranged  as  follows  (the  numbers  refer  to  fig.  4) : — 

1.  One  separating  the  auriculo-ventricular  opening  from  that 

part  of  the  ventricle  corresponding  to  the  flattened 
elevation  and  therefore  to  that  part  of  the  ventricle  from 
which  the  pulmonary  artery,  if  present,  would  have 
arisen.  This  corresponded  to  the  left  or  upper  anterior 
flap  of  normal  anatomy. 

2.  A  second,  lower  down,  separating  the  auriculo-ventricular 

aperture  from  the  aortic  and  corresponding  to  the  right 
or  lower  anterior  flap. 

3.  A  third  or  septal.     This  was  large  and  attached  at  its 

base  as  already  said  to  the  antero-left  flap  of  the 
bicuspid  valve.  It  corresponded  to  the  septal  or 
posterior  flap  of  normal  anatomy. 

That  the  above  represented  the  true  homologies  of  the  flaps 
was  proved  by  a  consideration  of  the  destination  of  the  cordse 
tendineae  of  the  groups  of  papillary  muscles.  Thus  to  the  con- 
tiguous margins  of  1  and  2  cordae  came  from  the  anterior  group 
of  muscles  (pa),  to  the  contiguous  margins  of  2  and  3  from  the 
posterior  (pp),  and  to  the  contiguous  margins  of  3  and  1  directly 
from  the  upper  part  of  the  septum  just  in  front  of  the  opening. 

The  aorta,  arising,  as  already  said,  from  the  upper  and  left 
side  of  the  ventricle,  passed  upwards  and  arched  over  the  root 
of  the  right  lung,  and  then  descended  slightly  to  the  right 
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of  the  vertebral  columiL  Here  everything  seemed  to  be 
symmetrically  reversed,  the  right  recurrent  laryngeal  nerve 
hooking  round  the  arch  of  the  aorta.  As  the  aorta  was  the 
only  vessel  leading  out  of  the  ventricle,  it  was  not  at  first  sight 
apparent  how  the  lungs  got  their  blood-supply,  but  it  was 
found  that  the  two  pulmonary  arteries  were  supplied  by  a 
patent  ductus  arteriosus  (fig.  2).  This  passed  from  the  aorta 
downwards  and  backwards,  and  thus  the  acute  angle  it  formed 
with  that  vessel  was  distal.  It  almost  at  once  opened  into  a 
trunk  which  passed  in  both  directions,  the  part  to  the  right 
dividing,  after  a  course  of  half  an  inch,  into  branches  for  the 
right  lung,  while  that  to  the  left  was  joined  after  a  course  of 
half  an  inch  by  the  partially  obliterated  pulmonary  artery,  and 
then  passing  along  with  a  slight  change  of  direction  for  half  an 
inch  divided  into  branches  for  the  left  lung.  It  will  thus  be 
seen  that  the  ductus  arteriosus  opened  into  the  right  pulmonary 
artery.  The  main  stem  of  the  pulmonary  artery  was  represented 
by  a  fibrous  cord,  closely  adherent  to  the  posterior  and  right 
aspect  of  the  aorta,  and  which  on  careful  dissection  could  be 
traced  down  to  the  flattened  elevation  of  the  ventricle,  formerly 
mentioned  as  lying  to  the  right  of  the  aorta.  It  became  pervious 
about  three-quarters  of  an  inch  from  its  junction  with  the  two 
pulmonary  arteries,  expanding  in  a  fusiform  manner  till  its 
calibre  was  equal  to  that  of  either  of  these  vessels. 

The  relation  of  the  left  auricle  to  this  partially  obliterated 
trunk  is  worthy  of  close  attention.  It  will  be  recollected  that 
a  large  part  of  this  was,  as  it  were,  dislocated  behind  the  aorta 
and  rudimentary  pulmonary  artery,  and  it  is  difiicult  to  avoid 
the  conviction  that  it  may,  by  pressure,  have  prevented  the 
development  of  the  proximal  part  of  the  fifth  right  branchial 
arch,  and  thus  led  to  an  almost  total  absence  of  the  main  stem 
of  the  pulmonary  artery. 

The  lungs  were  further  supplied  with  blood  by  the  bronchial 
arteries,  which  were  considerably  enlarged. 

The  relations  of  the  above  abnormalities  in  the  main  vessels 
will  be  rendered  clear  by  figures  5  and  6.  Fig.  5  is  adapted 
from  Schafer's  modification  of  Rathke's  diagram,  and  shows 
transposition  without  further  abnormality.  Fig.  6  shows  what 
existed  in  my  case. 
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The  cyanosis  is  readily  accounted  for.  The  whole  of  the 
blood  did  not  pass  through  the  lungs ;  they  simply  took  their 
chance  with  any  other  part  of  the  body,  and  the  small  amount 
of  pure  blood  which  was  returned  from  the  lungs  was  freely 
mixed  with  the  impure  systemic  blood  in  the  common  ventricle. 
In  fact,  the  purification  of  the  blood  was  effected  by  a  small 
quantity  being  diverted  from  the  main  stream,  arterialised,  and 
turned  into  the  main  stream  again. 

The  arrangement  of  the  coronary  arteries  and  cardiac  veins 
is  worthy  of  attention.  There  was  only  one  coronary  artery,  and 
it  arose  from  the  aorta  opposite  the  postero-left  flap  (fig.  2). 
Its  origin  was  low,  so  that  it  was  covered  entirely  by  the  flap 
when  that  was  placed  in  apposition  with  the  wall  of  the  vessel. 
This  divided  at  once  into  two  main  divisions. 

1.  The  one  gave  a  few  twigs  down  the  left  margin  of  the 

ventricle,  and  then  passed  round  the  origin  of  the  aorta 
to  the  right  and  front ;  here  it  divided  into  two  branches, 
one  going  to  the  stump  of  the  conus  arteriosus,  and  the 
other  passing  obliquely  down  the  front  of  the  ventricle, 
lying  at  first  on  the  front  of  the  left  ventricle,  and  then  on 
the  front  of  the  septum,  and  being  here  in  relation  with 
the  beginning  of  the  great  cardiac  vein  (figs.  2  and  1). 

2.  The  other  main  division  passed  backwards  and  downwards 

between  the  left  auricle  and  ventricle,  giving  twigs 
chiefly  to  the  latter,  and  then  divided  into  two,  of  which 
one  went  down  the  back  of  the  septum  with  a  vein,  and 
the  other  passed  on  between  the  right  auricle  and 
ventricle  with  the  coronary  sinus,  and  ended  in  small 
twigs  passing  down  the  right  margin  of  the  heart. 

The  coronary  sinus  (fig.  3)  lay  in  the  posterior  auiiculo- 
ventricular  furrow  on  the  right  side,  and  opened  into  the  left 
auricle  between  its  ventricular  opening  and  the  fossa  ovalis. 
Opening  along  with  this  was  another  vein  which  lay  below  it  in 
the  same  furrow,  and  came  from  the  right  margin  of  the  heart. 
Starting  at  the  apex  were  two  veins  which  passed  up  along  the 
anterior  part  of  the  septum  into  the  depression  between  the  two 
auricular  processes  (fig.  1) ;  the  left  hand  one  turned  sharply  to 
the  right  and  was  joined  by  the  other  and  passed  round  between 
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the  right  auricle  and  ventricle,  and  was  continuous  with  the 
coronary  sinus.  Joining  the  sinus  from  above  and  the  right 
aide  was  a  small  vein,  pervious  and  corresponding  to  Marshall's 
vein.  Its  distal  connexion  was  not  made  out.  One  vein  came 
up  the  posterior  part  of  the  septum  and  ended  in  the  amicle 
close  to  the  sinus.  Another  vein,  seen  in  fig.  2,  originating 
apparently  on  the  left  margin  of  the  heart,  passed  with  the 
main  anterior  branch  and  then  with  the  main  posterior,  and 
ended  close  to  the  sinus  in  the  auricle.  Thus  the  sinus  and  its 
companion  vein  opened  together,  and  the  two  others  separate, 
but  they  all  opened  in  a  common  depression.  There  was  no 
appearance  of  any  valves. 


Vascular  Rei^tions  of  the  Liver  (fig.  7). 

The  portal  vein  passed  up  to  the  left  extremity  of  the  trans- 
verse fissure   of  the  liver,   and  divided  into   right   and   left 

lltfHxtbc  K^aus  IHutk, 
Una. Cava,  '* 
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branches.    The  former  entered  at  once  into  the  left  lobe,  and 
the  latter  passed  along  the  transverse  fissure,  and  after  giving 


128  DR  T.  WARDROP  GRIFFITH. 

off  a  branch  to  the  Spigelian  lobe  was  joined  &om  the  front  by 
the  remains  of  the  umbilical  vein.  This  was  widely  patent  for 
about  an  inch,  and  here  it  gave  off  two  branches  to  the  quadrate 
lobe  and  two  branches  to  the  right  lobe,  one  of  these  coming 
from  its  point  of  junction  with  the  right  portal  vein. 

Careful  dissection  failed  to  reveal  any  remnant  of  the  ductus 
venosus.  This  is  interesting  when  taken  in  connection  with  the 
recent  investigation  of  His  on  the  development  of  the  veins. 
Until  lately  the  ductus  venosus  has  been  regarded  as  that  portion 
of  the  common  trunk  of  the  vitelline  and  umbilical  veins  between 
the  venae  hepaticsa  advehentes  and  the  venae  hepaticae  reve- 
hentes.  The  investigations  of  His,  on  the  other  hand,  show  that 
the  direct  communication  of  the  umbilical  and  vitelline  veins 
with  the  sinus  venosus  is  completely  interrupted  by  the  develop- 
ment of  vascular  networks,  that  there  is  therefore  a  time  during 
which  all  the  blood  passes  through  the  capillaries  of  the  liver, 
and  that  the  ductus  venosus  is  a  trunk  of  later  development. 
From  the  complete  absence  of  any  trace  of  the  ductus  venosus 
in  my  case,  I  am  disposed  to  think  this  later  development  had 
not  taken  place,  and  that  up  till  the  end  of  foetal  life,  all  the 
blood  from  the  placenta  and  portal  vein  must  have  passed 
through  the  capillaries  of  the  liver. 

Perhaps  the  most  striking  point  in  the  whole  case  was  the 
absence  of  the  inferior  vena  cava,  for  the  vessel  I  have  referred  to 
under  that  name  as  piercing  the  central  tendon  of  the  diaphragm, 
and,  ending  in  the  systemic  auricle,  was  found  to.be  formed  solely 
by  the  junction  of  the  hepatic  veins.  These  left  the  liver  at  the 
upper  part  of  its  posterior  surface,  and  were  four  in  number ; 
one  came  from  the  longitudinal  fissure,  and  was  formed  by  the 
union  of  a  large  branch  from  the  left  lobe  and  another  from  the 
right ;  one  small  branch  came  from  the  Spigelian  lobe,  and  the 
two  remaining  ones  from  the  right  and  left  lobes  respectively. 

The  peritoneal  investment  of  the  liver  was  much  more  com- 
plete than  usual,  indeed  it  was  only  the  presence  of  the  hepatic 
veins  that  prevented  the  upper  and  lower  layers  of  the  coronary 
ligament  coming  in  contact  all  the  way  along,  and  immediately 
to  the  right  and  left  of  these  the  two  layers  did  come  into 
contact,  forming  extensive  triangular  folds,  which  were  really 
enlarged  right  and  left  lateral  ligaments. 
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Unfortunately  a  complete  dissection  of  the  azygos  veins  was 
not  made,  but  during  the  examination  it  was  noticed  that  they 
were  all  extraordinarily  enlarged,  the  left  one  especially  so,  and 
this,  after  being  joined  by  a  large  superior  intercostal,  arched 
forward  over  the  root  of  the  left  lung,  and  ended  in  the  superior 
vena  cava,  which  lay  on  the  left  sida  In  this  way,  therefore^ 
the  blood  from  the  lower  limbs  was  conveyed  to  the  heart 

In  the  Archives  de  Phydologie  for  July  1888,  Carpentier  and 
Bertaux  give  an  account  of  a  case  in  which  there  was  absence 
of  the  inferior  vena  cava,  with  compensatory  enlargement  of 
the  great  azygos  vein,  and  in  which  the  efferent  vessels  from 
the  liver  formed  a  supra-hepatic  trunk,  ending  directly  in  the 
right  auricle  of  the  heart.  They  give  a  most  interesting 
account  of  the  anomaly  from  the  point  of  view  of  its  development, 
and  show  that  Cruveilhier  described  a  case  exactly  similar 
withoat  recognising  its  nature,  as  he  took  the  enlarged  azygos 
vein  for  a  vena  cava  in  an  abnormal  position. 
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ON  THE  FOSSiE  ROUND  THE  CiECUM,  AND  THE 
POSITION  OF  THE  VERMIFORM  APPENDIX, 
WITH  SPECIAL  REFERENCE  TO  RETRO-PERI- 
TONEAL HERNIA.  By  C.  B.  Lockwood,  F.R.aS., 
and  H.  D.  Rolleston,  M.B. 

(Commanicated  to  the  Anatomical  Society  of  Great  Britain  and  Ireland.) 

Some  time  ago  our  attention  was  attracted  to  the  occasional 
concealment  of  the  vermiform  appendix  within  the  pouches 
which  surround  the  caecum.^  The  search  for  more  examples  of 
this  variety  of  retro-peritoneal  hernia  has  been  continued,  and 
the  results  are  given  in  this  communication.  The  success 
which  has  attended  our  eflforts  has  been  considerable,  and  we 
are  now  able  to  refer  to  more  than  twenty-three  fresh  examples. 
Further,  we  have  taken  the  opportunity  of  ascertaining  and 
noting  the  other,  and  more  usual,  positions  which  the  vermiform 
appendix  may  occupy.  The  last  branch  of  our  subject  has 
received  a  great  deal  of  attention,  and  does  not  require  so 
much  discussion.  But  retro-peritoneal  hernia  of  the  vermi- 
form appendix  has  been  singularly  overlooked,  and  we  pro- 
pose to  refer  in  detail  to  the  fresh  examples  which  we  have 
found. 

The  whole  subject  of  retro-peritoneal  hernia  of  the  vermiform 
appendix  is  inextricably  connected  with  that  of  the  anatomy  of 
the  various  peritoneal  fossse  around  the  caecum.  Therefore  it 
will  be  necessary,  as  we  proceed,  to  give  an  account  of  these 
pouches. 

The  more  recent  writings  «  show  that  there  is  great  diflference 
of  opinion  as  to  their  anatomy.  We  have  met  with  two  of  first 
rate  importance,  viz.,  the  ileo-cceccd  fossa,  which  is  situated 
at  the  angle  between  the  ileum  and  caecum,  and  the  subcceccU, 
the  mouth  of  which  is  imderneath  the  caecum,  and  which  runs 

^  HunUrian  Lectures  on  Memia,  by  C.  B.  Lockwood,  Lond.  1889,  p.  88  et  seq. 
Also  ''  Retro-peritoneal  Hernia  of  the  Yermiform  Appendix,"  by  the  same  author, 
Trans.  Path.  Soc.  Lond.^  vol.  xli.,  1890,  p.  118. 

'  Jonnesco,  ffemies  Internes  Hdtro-Peritoniales,  Paris,  1890.  p.  lOi  et  aeq. 
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tipwards  beneath  the  right  colon.  These  fossae,  which  will  be 
described  presently,  are  almost  constant.  Their  existence  is 
quite  independent  of  the  presence  or  absence  of  an  appendix,  or 
of  its  mesentery.  And,  here,  it  may  be  said,  that  we  do  not 
believe  that  the  vermiform  appendix  is  ever  absent,  except  as 
the  result  of  disease.  The  instances  in  which  absence  has  been 
assumed  ^  are  capable  of  another  explanation.  As  will  be  seen 
later,  the  appendix  is  often  hidden  away  in  either  the  ileo-caecal 
or  subcaecal  pouch.  Further,  the  entrances  of  either  of  these 
pouches  may  be  occluded,  so  that  nothing  but  a  careful  dis- 
section would  reveal  the  presence  of  either  the  pouch  or  of  its 
oontenta 

Observers  have  always  determined  the  presence  of  these 
pouches  by  looking  for  the  entrance  into  them,  but  it  is  evident 
that  the  fact  that  the  entrance  may  not  exist  throws  great  doubt 
upon  any  observations  founded  upon  that  method. 

In  connection  with  this  question  it  is  interesting  to  note  that 
Schott^  has  given  two  instauces  of  cysts  near  the  ileo-caecal 
junction,  which  he  attributes  to  closure  of  the  mouths  of  the 
ileo-caecal  fossae.  One  of  these  cysts  was  found  by  Widerhofer 
in  a  child  of  18  months ;  it  was  as  large  as  a  walnut,  and 
contained  colloid  contents.  The  other  was  found  in  an  adult, 
and  was  as  large  as  an  apple,  tense,  with  thin  walls,  and  clean 
serous  contents.  It  might  also  be  found  that  cysts  occurred  in 
the  situations  of  the  other  peritoneal  pouches,  viz.,  of  the 
intersigmoid  and  jejuno-duodenal. 

That  retro-peritoneal  hernia  of  the  vermiform  appendix  has  been 
almost  entirely  overlooked  and  its  importance  ignored,  is  shown  by  a 
reference  to  the  writings  of  others.  Mr  Treves,  who  examined  the 
C8Bcal  r^on  in  one  handred  bodies,  does  not  mention  it.^  Jonnesco, 
the  latest  writer  ^  upon  the  subject,  merely  refers  to  Tufiier's  ^  casual 
remark  that  he  had  found  fossae  behind  the  caecum  which  often  lodged 
in  the  vermiform  appendix.     Oar  best  text-books  are  silent  upon  the 

^  "  On  the  Surgical  Anatomy  of  the  Vermiform  Appendix,"  by  John  Fergason, 
Amer.  Jour.  Med.  Sci.,  vol.  ci.,  p.  61. 

^BeitrSge  zur  AnaJUnnie  der  Foaaa  IHo-CcbcclHs.  TFochenblcUt  der  ZeUschrift 
der  K.K.  OeadUchaft  der  AerzU  in  Wein,  1862,  pp.  846-347. 

*  HutUerian  Lectures  on  the  Anatomy  of  the  Intestinal  Canal  and  Peritoneum 
in  Man,  by  Frederick  Treves,  Lond.  1885,  p.  46  e^  seq. 

*  Loc  eii.,  p.  116. 

*  "^tade  snr  le  Csecnm,"  Archives  Oinirales  de  M^decine,  1887,  p.  652. 
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question,  and  also  ^  the  writings  of  Luscbka,  Langer,^  or  Bardeleben.* 
Nor  does  Ferguson  allude  to  it  although  he  made  a  special  examination  of 
the  vermiform  appendix  in  two  hundred  bodies.^  However,  he  remarks 
that  it  was  in  seventy-seven  instances  so  situated  behind  the  caecum 
that  a  perforation  of  it  would  have  opened  into  the  subperitoneal 
cellular  tissue,  and  this  exemplifies  the  importance  of  our  subject.  As  we 
proceed,  it  will  be  seen  that  the  recognition  of  this  variety  of  retro- 
peritoneal hernia  affords  a  ready  explanation  of  the  course  which  the 
pus  has  been  knov^n  to  take  in  cases  of  perforation  of  the  appmndix, 
especially  those  in  which  it  travels  upwanis  behind  the  right  colon  to 
the  right  kidney,  and  onwards,  perhaps,  as  far  as  the  diaphragm 
and  right  lung  and  pleura.^  Further,  as  our  statistics  show,  the  appen- 
dix is  so  often  concealed  in  retro-peritoneal  fossse,  that  surgeons  ought 
certainly  to  be  familiar  with  the  fact  We  have  heard  of  more  than 
one  instance  in  which  operators  have  failed  to  discover  the  appendix, 
and  have  therefore  closed  the  abdomen  after  coming  to  the  conclusion 
that  it  was  absent. 

In  concluding  this  brief  reference  to  the  literature,  we  note  that  Mr 
L.  A.  Dunn  ^  showed  a  specimen  at  the  Pathological  Society  of  London 
in  which  the  vermiform  appendix  lay  in  a  fossa  behind  the  cecum, 
and  Dr  Mott*^  one  in  which  it  lay  in  the  fossa  iliaca  subfascialis. 
Both  of  these  references  are  exceedingly  brief. 

HeO'Colic  Fossa. — By  this  name  we  wish  to  designate  a 
peritoneal  fossa,  which  is  found  at  the  junction  of  the  ileum  and 
colon  (figs.  1  and  3).  As  those  intestines  lie  in  their  natural 
position,  they  form  an  angle  which  has  the  ascending  colon  for 
its  outer  boundary  and  the  ileum  for  its  lower,  and  the  mesentery 
for  its  floor.  Very  often  a  fold  of  peritoneum  roofs  in  this  angle, 
and  it  thus  becomes  a  fossa,  the  mouth  of  which  looks  upwards 

1  "Ueber  die  Peritoneale  umhiillung  des  Blinddarmes  und  neber  die  Fossa 
Ilio-Cfficalis,"  Luschka,  Virchoio's  ArehivfUr  Path.  Anatomies  voL  xxL  pp.  285- 
288. 

'  Die  P»rUoneal  ToKhen  am  Caxum,  WocKemblaU  dtr  Zeitschrift  der  K.K, 
QeaMtchafi  der  AerOe,  Langer,  1862,  pp.  129-131. 

*  **  Ueber  die  Lage  dee  Blinddarmes  beim  Menachen,"  Vtrehoto's  Archiv  f&r 
Path.  Anatomie,  yoL  ii.,  1849,  p.  288. 

^  "  The  Surgical  Anatomy  of  the  Vermiform  Appendix,"  The  Amer.  Jour, 
Mtd.  Sei,,  vol.  ci.,  Ko.  1,  p.  61. 

'  See  A.  Fraenkel,  "  Ueber  die  Folgen  des  Perforation  dee  Procesans  Vermlo 
formia  und  deren  Behandlnng/'  Deutsche  Med.  Wochenaehrifi,  Jan.  22, 1891*  p.  137 
U  aeq.     Also  Treves,  Brit.  Med.  Jour.,  Nov.  9,  1889,  p.  1030. 

*  "Retrocecal  Hernia  of  the  Appendix  Cseci,"  Trans.  Path.  Soe.,  voL  iL,  1889, 
p.  114. 

'  "Two  Anomalous  Yermiform  Appendices,"  Trarie.  Path.  Sec.,  vol.  zl.,  1889, 
p.  106. 
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and  towards  the  left,  whilst  its  apex  is  at  the  junctioa  of  the 
ileum  aikt  csecum  (vide  figs.  1  and  3). 

The  floor  of  the  ileo-colic  foaaa  is  formed  by  the  mesentery,  and 
sometimes  by  a  portion  of  the  ileum.     The  fold  of  peritoneum 


which  roofs  it  in  carries  a  branch  (arteria  ileo-csecalia  anterior) 
of  the  ileo-colic  artery  to  the  front  part  of  the  cEecum,  crossing 
the  ileum  in  its  course.  This  fold  has  had  various  names  given 
to  it.  Treves  and  Tuffier  call  it  the  superior  ileo-cEscal  fold ; 
referring,  perhaps,  to  its  vascular  contents.  Jonnesco,  keeping 
its  beginning  and  end  in  view,  names  it  the  mesenterico- 
cscal.  Inasmuch  as  it  seldom  reaches  the  csecum,  and 
to  avoid  confusing  it  with  another  ileo-csecal  fold,  which  will  be 
mentioned  presently,  we  shall  in  future  call  it  the  ileo-colic  fold 
after  the  fossa  which  lies  beneath  it.  This  ileo-colic  fold  varies, 
and  it  may  be  either  absent,  or  run  over  the  front  of  the  ileum 
along  the  colon  as  &r  as  the  ctecum.     Of  course  the  ileo-colic 
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fossa  varies  in  depth  and  extent  according  to  the  width  of  the 
fold.  The  ileo-colic  fold  is  sometimes  laden  with  fat ;  and  at 
others  fringed  with  appendices  epiploicss. 

The  fossa  Tvhich  we  have  termed  the  ileo-colic  has  been  called 
by  other  names.  Waldeyer,  Hartmann,  Treves,  and  Tuffier  call  it 
the  superior  ileo-caecal  fossa;  Jonnesco  merely  calls  it  the  ileo- 
csecal.^  However,  the  fossa  has  for  its  main  boundaries  the 
ileum  and  colon,  and  is  quite  independent  of  the  csecum.  Therefore, 
we  prefer  to  call  it  the  ileo-colic  fossa  lest  it  be  thought  that  it  has 
anything  to  do  with  the  csBcum.  Doubtless  confusion  has  arisen  from 
an  imperfect  definition  of  the  extent  of  the  caecum.  As  one  of  us  has 
said  elsewhere  ^  "  the  caecum  is  that  part  of  the  large  intestine  which 
is  situated  below  the  entrance  of  the  ileum,  and  would,  therefore,  be 
marked  off  from  the  large  intestine  by  a  line  drawn  across  the  right 
colon  at  right  angles  to  its  axis,  and  in  the  same  level  as  the  lower 
margin  of  the  ileum.  This  definition  accords  with  the  developmental 
history  of  the  caecum,  because  it  originates  as  a  diverticulum  from  the 
aide  of  the  rudimentary  alimentar^^canal.  and  under  normal  ci«.um- 
stances  this  outgrowth  is  entirely  covered  with  a  layer  of  serous  mem- 
brane, which  it  retains  throughout  the  life  of  the  individual" 

We  have  not  as  yet  met  with  any  cases  of  hernia  into  the 
ileo-colic  fossa,  and  we  have  also  observed  that  the  presence  of 
this  pouch  is  comparatively  rare. 

Th^  Ileo-ccecal  Fossa. — This  fossa  is  situated  behind  the 
angle  of  junction  of  the  ileum  and  caecum,  which  have  both  to 
be  lifted  up  to  see  its  mouth  (vide  fig.  2).  The  fossa  itself  runs 
a  varjdng  distance  upwards  behind  the  ileo-colic  junction  said 
parallel  to  the  ascending  colon.  It  is  bounded  to  the  right  by 
the  mesentery  of  the  ascending  colon,  and  on  the  left  by  the 
mesentery.  The  fossa  in  the  accompanying  figure  was  almost 
3  inches  long,  and  would  easily  admit  the  finger  or  a  loop  of 
intestine.  Sometimes  the  ileo-caecal  fossa  reaches  half  way  up 
the  ascending  colon  beyond  the  crest  of  the  ilium,  and  ends 
close  to  the  kidney  and  duodenum.  Thus,  when  the  appendix 
suppurates  whilst  lying  in  such  a  fossa,  the  resulting  abscess  may 
be  mistaken  for  one  connected  with  the  kidney.  According  to 
this  description,  which  is  founded  upon  the  examination  of 
many  specimens,  the  ileo-caecal  fossa  is  in  its  typical  state  com- 
paratively  simple   and   quite  independent   of  the   vermiform 

^  Loc.  eit,,  p.  116  etaeq, 

^  Lockwood,  Lectures  on  Hernia,  p.  1S9. 
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appendix  or  its  mesentery,  or  of  any  other  peritoneal  folds, 
eicept  the  mesentery  of  the  ascending  colon  and  the  mesentery. 
Origin  of  the  Ileo-aBCal  Foeaa. — The  ileo-ctecal  fossa  is 
developed  during  the  descent  of  the  caecum  and  end  of  the  ileum 
into  the  iliac  fossa.  It  is  well  known  that  the  ceecum  is  at  one 
time  situated  beneath  the  liver,  and,  together  with  the  colon,  is 
carried  upon  the  same  mesentery  as  the  rest  of  the  intestines. 
From  its  high  position  the  ciecum,  together  with  the  end  of  the 
ileum,  the  mesentery,  and  vermiform  appendix,  descends  into  the 


Fm.  2.— The  Ileo-ciecsl  Voast,  I 
Vermirorm  Appendix  into 
rona.    I,  ileDm  ;  C,  cacum. 

iliac  fossa ;  its  progress  being  assisted  by  the  gubemaculum. 
The  gubemacnlum  does  this  by  means  of  an  accessory  band 
of  muscular  fibres,  which  it  sends  upwards  beyond  the  ovary  or 
testis  in  the  plica  vascularis.  The  latter  fold  is  the  upper  part 
i>rthemesorchiumormesovarium,andhas  been  described  by  one 
of  us^  under  the  name  of  plica  vascularis;  because  it  contains 
the  spermatic  or  ovarian  vessels.  The  plica  va,scularia  ends 
above  upon  either  the  vermiform  appendix,  the  mesentery,  the 

'  "The  Morbid  Anatomy  and  Pathology  of  EncfBted  and  Infantile  Hernia," 
b;  C.  a  Lockwood,  Mtdito  Chirargkal  Trans.,  vol.  Ixix.  p.  BOB. 


136  C.  B.  liOOKWOOD  AND  H.  D.  ROLLESTON. 

caecum,  or  ileum.  As  it  assists  in  pulling  those  organs  towards 
the  iliac  fossa,  the  peritoneum  beneath  the  mesentery  desoeuds 
unequally,  and  the  part  near  the  ileo-csecal  junction  remains 
behind.  Hence,  by  the  time  the  csecum  and  right  colon  have 
assumed  their  permanent  position,  a  recess  has  been  created, 
which  is  the  ileo-csecal  fossa.  Another  factor  in  the  process  Ib 
the  substitution  of  the  permanent  ascending  mesocolon  for  the 
original  one,  which,  as  we  have  already  said,  is  part  of  the 
mesentery. 

The  reason  for  the  incomplete  descent  of  the  peritoneum 
which  forms  the  ileo-csecal  fossa  is  obscure.  The  explanation 
probably  turns  upon  the  action  of  the  blood-vessels  and 
suspensory  muscle  of  the  mesenteiy  in  restraining  the  move- 
ments of  the  peritoneum  at  the  angle  between  the  ileum  and 
colon,  this  being  the  portion  of  serous  membrane  which,  by 
its  occasional  incomplete  descent,  forms  the  ileo-csecal  fossa. 

The  anatomy  of  the  ileo-C8Bcal  fossa  is  seldom  as  simple  as  we 
have  described.  It  is  usually  complicated  by  two  folds  of  peri- 
toneum, one  of  which  is  the  mesentery  of  the  veiTuiform  appendix, 
the  other  a  fold  of  doubtful  origin,  and  usually  called  the  plica 
ileo-csBcalis. 

The  Meao-appemdix, — The  mesentery  of  the  vermiform 
appendix  is  fairly  constant.  It  consists  of  two  layers  of  peri- 
toneum, between  which  the  vessels,  lymphatics,  and  nerves  of  the 
appendix  run.  Its  usual  characters  are  shown  in  the  accom- 
panying sketch  (fig.  3).  Above  it  has  a  base  which  often  springs 
from  the  under  layer  of  the  mesentery ;  below,  its  layers  are 
reflected  round  the  appendix ;  towards  the  right,  it  ends  at  the 
ileo-csecal  angle ;  whilst,  towards  the  left,  it  has  a  sharp,  free 
edge  which  contains  the  appendicular  vessels  and  some  fat. 
When  the  caecum,  ileum,  and  appendix  are  disposed  so  as  to 
display  the  meso-appendix,  its  plane  is  in  many  cases  at  right 
angles  to  that  of  the  mesentery,  and  parallel  to  that  of  the  iliac 
fossa. 

The  meso-appendix  seldom  reaches  more  than  half  or  two- 
thirds  of  the  way  along  the  appendix,  and  usually  gives  the 
impression  of  being  too  short,  so  as  to  cause  the  appendix 
to  coil  upon  itself. 

The  meso-appendix  is  variable,  and  we  have  observed  the 
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following  deviations  &om  the  above  account.  (1)  It  is  some- 
times absent,  so  that  the  vermiforni  appendix  is  quite  &ee  in  the 
abdomen.  (2)  It  may  be  longer  than  usual,  and  reach  as  &r  as 
the  free  end  of  the  appendix.  In  one  of  our  specimena  it  reached 
as  br  as  the  end  of  an  appendix  4  inches  long,  (3)  It  may 
have  become  obliterated  by  its  peritoneum  having  been  spread 
out  in  the  iliac  fossa  by  the  traction  of  the  gubemaculum.     The 


Fio.  S.— The  Foldi  about  tlio  CBoum.  C,  cecum;  C.  A.,  ascending  colon;  I, 
ileum;  I.C.,  ileocolic  fold ;  I.C.F.,ileo-ctecaI  fold;  M,  meBOntcry  ;  M.A., 
meBo-ippeuciii.     The  mtow  marks  the  niperior  ilco-cncsl  fouo. 

accompanying  sketch  (fig.  1)  shows  this  variation,  and  it  may 
be  Doted  that  only  the  csecal  end  of  the  appendix  has  become 
bound  down  in  the  iliac  fossa,  and  that  the  other  end,  which 
seldom  has  any  mesentery,  remains  free.  (4)  The  meso-appendix 
may  be  hidden  away  and  attached  within  the  ileo-cffical  or  sub- 
eecal  fossa.  (5)  It  may  have  a  hole  in  it  through  which  the 
small  intestine  has  been  known  to  herniate  and  become  straugu- 
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lated.1  (6)  Its  attachraeots  vary.  Often  it  springs  from  the 
mesentery,  but  it  may  originate  from  the  iiiac  fossa  or  csecum, 
or  from  both,  or  from  the  back  of  the  colon,  as  in  one  of  our 
specimens  in  which  the  colon  of  a  child  was  floating,  not  having 
assumed  its  mesocolon.  We  need  scarcely  repeat  that  it  may 
be  attached  within  the  ileocsecal  or  subccecal  fossce. 

When  the  meso-appendis  is  present  it  may,  as  in  two  speci- 
mens which  lie  before  us,  partition  the  ileo-ciecal  fossa  so  as 


Fio.  4. — The  Superior  and  Inferior  Il«o-cffical  Fossce.    C,  cKcum  ;  I,  ileum;  H.A., 

Dieso-appeudix ;  M.C.,  tneso-cKCum ;  M,  mesentery. 

to  make  it  into  two  compartments— one  above  and  the  other 
below  the  meso-appendix,  and  called  therefore,  in  the  rest  of 
this  communication,  the  superior  and  inferior  ileo-ctecal  fossse 
(fig.  4).  Both  of  these  subsidiary  fossse  are,  however,  merely 
accidental  and  dependent  upon  the  presence  and  position  of  the 
meso-appendix. 

In   the   specimen  delineated  in  fig.  4,  the   meso-appendix, 
besides  being  attached  to  the  floor  of  the  ileo-cfecal  fossa,  runs  a 

■  See  a  case  by  T.  E.  Little,  Dab.  Jour.  Mtd.  Sei.,  1S71,  vol.  lii.  p.  230. 


C^CAL  YOBSM  AND  VERMIFORM  APPENDIX.  139 

Httle  way  upon  the  caecum  ;  but  it  is  difficult  in  a  drawing  to 
show  the  continuity  of  the  two  parts  of  the  fold. 

The  Tleo-^xjecal  Fold. — This  fold  is  situated  in  the  ileo-csBcal 
angle,  and,  although  liable  to  considerable  variation,  is  fairly 
constant.  In  specimens  in  which  the  folds  are  very  well 
developed  it  lies  in  front  of  the  meso-appendix  (fig.  3),  and 
consists  of  two  layers  of  peritoneum,  between  which  are  some 
fat  and  muscular  fibres,  and  arteries  and  veins  derived  from  three 
sources,  viz.,  from  the  anterior  and  posterior  ileo-csecal,  and 
from  the  appendicular  vessels ;  wliich  latter  are  recuri'ent.  None 
of  these  vessels  are  very  large,  but  they  were  easily  seen  in  the 
various  specimens  which  we  injected.  Therefore,  we  cannot 
agree  with  Mr  Treves^  in  calling  the  ileo-csecal  fold  "the 
bloodless  fold."  Most  often,  however,  the  ileo-csBcal  fold  is  small 
and  comparatively  non- vascular,  and  merely  lies  in  the  ileo-csecal 
angle  (figs.  2  and  5).  Two  of  its  sides  are  fastened  on  either 
hand  to  the  ileum  and  caecum,  and  the  other  is  free  and  forms 
the  upper  boundary  of  the  mouth  of  the  ileo-caecal  fossa. 

But  in  those  cases  in  which  the  ileo-caecal  fold  does  not  agree 
with  this  account  it  is  still  more  or  less  triangular,  with  its  apex 
at  the  ileo-caecal  junction  and  its  base  free,  but  bounding  the 
mouth  of  the  superior  Ueo-cceccd  fossa,  instead  of  the  mouth  of 
the  UeO'CCBcaZ  fossa ;  the  latter  having  been  subdivided  by  the 
meso-appendix  (fig  3).  Also,  of  its  two  sides  the  superior  is 
attached  to  the  ileum,  the  other  to  the  caecum  and  upper 
surface  of  the  meso-appendix  (fig.  3.) ;  sometimes  this  attach- 
ment is  to  the  appendix  itself  When  the  ileo-caecal  fold  has 
this  arrangement  its  upper  suiface  looks  towards  the  general 
peritoneal  cavity,  whilst  its  lower  surface  forms  the  roof  of  the 
superior  ileo-caecal  fossa. 

In  a  specimen  which  lies  before  us  the  ileo-caecal  fold  is 
attached  to  the  meso-appendix  so  near  the  mesentery  that  the 
superior  ileo-caecal  fossa  is  a  long,  narrow  slit,  lying  upon  the 
side  of  the  ileum. 

The  ileo-caecal  fold  is  not  infrequently  absent,  and  some- 
times its  situation  is  occupied  by  two  folds  (fig.  1). 

There  is  much  difference  of  opinion  as  to  the  nomenclature, 
anatomy,  and  morphology  of  the  ileo-caecal  fold,  and  of  the  superior 

^  Loe.  cU,t  p.  49. 
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ileo-Gsecal  fossa.  We  have  already  mentioned  our  objection  to  the 
name  which  Mr  Treves  has  given  to  the  fold,  viz.,  ''the  bloodless 
fold."  We  have  called  it  the  ileo-caecal  fold  in  accordance  with 
LuBchka's  nomenclature.  Tuffier  and  Waldejer  have  called  it  the 
superior  ileo-csecal  fold.  Jonnesco  refers  to  it  as  the  "repli  il^o- 
appendiculaire  ou  ant^rieur/'  and  he  calls  the  superior  ileo-<:8Bcal 
fossa  the  ^'fossette  ileo-appendiculaire.'' 

As  regards  the  origin  of  the  ileo-csecal  fold,  our  investigations 
incline  us  to  think  with  Mr  Treves  that  it  was  originally  developed 
to  carry  blood-vessels  to  the  csecum  and  vermiform  appendix,  but 
that  it  has  been  replaced  by  the  meso-appendiz,  which  affords  a 
shorter  and  more  convenient  route.  Thus  the  ileo-csecal  fold  would 
correspond  to,  and  be  the  fellow  of,  the  ileo-colic  fold,  which,  it  may 
be  remembered,  also  carried  vessels  to  the  caecum  and  appendix ; 
one  set  passing  over  the  ileum,  the  other  under. 

When  we  consider  the  great  variations  which  occur  in  the 
folds  and  fossae  around  the  caecum,  it  is  easy  to  understand  the 
great  divergence  of  opinion  which  prevails  as  to  their  anatomy.* 

In  fche  course  of  this  communication  we  have  mentioned  four 
peritoneal  folds— viz.,  (1)  the  ileo-colic  fold,  which  bounds  the 
ileo-colic  fossa ;  (2)  the  ileo-csecal  fold,  which  deepens  the  ileo- 
caecal  fossa,  and  sometimes  bounds  the  superior  ileo-caecal  fossa ; 
(3)  the  meso-appendix,  which  sometimes  divides  the  ileo-caecal 
fossa  into  two  parts,  viz.,  the  superior  and  inferior  ileo-csecal 
fossae ;  and  (4)  the  plica  vascularis. 

The  SvhccBcal  Fossa, — The  subcaecal  fossa  is  situated  directly 
beneath  the  caecum,  which  has  to  be  lifted  up  to  bring  it  into 
view.  It  is  less  often  present  than  either  the  ileo-colic  or  the 
ileo-caecal  fossae.  Its  anatomy  is  comparatively  simple,  and  not, 
as  a  rule,  complicated  by  any  peritoneal  folds,  except,  occasionally, 
the  plica  vascularis.  Its  mouth  is  usually  at  the  junction  of 
the  caecum  and  colon,  or  beneath  either,  and  it  separates  the 
layers  of  the  mesocaecum  or  mesocolon  (fig.  5)  ;  its  fundus  runs 
upwards  behind  the  ascending  colon,  between  the  layers  of  the 
ascending  mesocolon.  The  length  of  the  subcaecal  fossa  varies, 
but  we  have  often  seen  it  reach  as  far  as  the  crest  of  the 
ilium,  or  beyond. 

The  subcaecal  fossa  lies  close  to  the  ileo-caecal  fossa,  and  is 

^  See  also  Alexander  Macalister  **  On  Two  Dissimilar  Forms  of  Ferity phlic 
Poaches,"  Froeeedings  of  the  Royal  Irish  Academy,  July  1875.  A  hernia  of  the 
appendix  into  the  subcaecal  fossa  is  given  in  this  paper,  and  a  number  of 
references. 
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divided  from  it  by  the  left  aide  of  the  meaociecuni  and  ascending 
mesocolon  (fig.  S).  We  douht  not  but  that  these  fossse  have  often 
been  mistaken  for  one  another ;  but  the  aubcsecal  fossa,  it  is  to  be 
Doted,  is  not  in  relation  with  either  the  ileum  or  its  mesentery. 
In  the  case  of  the  ileo-ctecal  fossa  being  partitioned  by  the  meso- 
appendix,  then  the  latter  fold  would  assist  in  distinguishing 
the  inferior  ileo-c«ecal  fossa  from  the  subciecal  in  as  much  as  it 
ffould  be  the  left  boundary  of  the  ileo-ctecal  fossa,  but  have  no 
share  in  forming  the  subcecal. 


Tlo.  G.— Sabcec^  Foua,  ihewing  ■  barnU  of  Tcrmifonna  ippendii  into  it  C, 
cccDin  ;  I,  ileum  ;  I.C,  ileo-CKOLl  fold.  I.C.F.,  Ueo-cnol  fo«a;  the 
■TTOW  point*  into  the  fossa.     H,  neunterr.     S.C.F.,  tnbcocal  roan. 

Asr^ards  the  origin  of  the  subcecal  fossa,  we  have  nothing 
to  add  to  that  which  has  been  said  already  about  the  formation 
of  the  ileo-cEBcal  fossa.  Like  the  latter,  it  originates  during  the 
I^ogress  of  the  ctecura  and  right  colon  into  the  iliac  fossa,  and  it 
is  during  this  event  that  the  rermiform  appendix  may  become 
herniated  into  it. 

Hie  sabceecal  fossa  has  also  been  called  the  cscsl,  and  retro-ciBcaL' 
There  are  some  who  think  that  it  originates  by  a  process  of  adhesion 
},  lee.  cU.,  p.  13G. 
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between  the  intestine  and  abdominal  walls.  It  is  said  that  there  are 
sometimes  two  subcecal  ioeasd,  but  we  have  not  met  with  this  con- 
dition. 

The  Poaitiona  of  the  Verrmfomi  Appendix, 

We  now  propose  to  describe  the  positions  of  the  vermifonn 
appendix,  and  at  the  same  time  refer  to  hernia  of  it  into  the 
subcsecal  and  ileo-csecal  fossae.  But,  before  doing  so,  it  may  be 
mentioned  that  the  small  intestines  occasionally  intrude  them- 
selves into  those  pouches. 

Those  who  are  interested  in  the  subject  will  find  in  Jonnesco's 
work,  to  which  we  have  repeatedly  referred,  a  good  account  of 
cases  in  which  the  ileum  has  entered  the  superior  ileo-csecal  fossa, 
the  ileo-csecal  fossa,  or  the  subcaecal  fossa ;  and  in  some  of  these 
instances  the  intestine  had  been  acutely  strangulated.  However, 
as  we  have  met  with  no  cases  of  this  kind,  we  will  proceed 
forthwith  with  the  description  of  the  position  of  the  vermiform 
appendix. 

The  position  and  relations  of  the  appendix  were  noted  in  160 
consecutive  cases  in  which  there  was  no  manifest  morbid  con- 
dition of  the  abdominal  cavity,  such  as  peritonitis  or  local  in- 
flammation round  the  csecum  and  appendix. 

There  were  104  male  subjects  and  56  female.  The  ages  varied 
between  13  weeks  and  81  years. 

When  free,  that  is  to  say,  when  held  by  nothing  except  the 
mesentery  which  we  have  just  described,  and  when  pervious,  the 
appendix  was  considered  to  be  normal. 

The  NoTTnal  Positions  of  the  Vermiform  Appendix, 

1.  In  many  cases  the  appendix  is  found  lying  under  the 
inferior  layer  of  the  mesentery  directed  upwards  and  to  the  lefl 
in  the  direction  of  the  spleen,  a  position  which  Mr  Treves  ^  con- 
siders to  be  its  usual  position. 

2.  Often  the  free  appendix  is  found  lying  on  the  brim  of  the 
pelvis  or  projecting  into  the  cavity  of  the  pelvis,  and  in  cases 
of  peritonitis  we  have  seen  the  appendix  fixed  to  the  right 
side  of  the  pelvis,  the  broad  ligament,  or  the  bladder.    When  in 

^  Eunierian  Lectures,  Royal  College  of  Surgeons,  1885,  p.  48. 
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this  position  the  appendix  may,  if  diseased,  be  felt  per  rectum, 
and,  as  might  be  expected,  inflammation  of  it  has  been  known 
to  cause  bladder  symptoma 

These  two  positions  we  have  found  to  be  the  most  usual  for  the 
yermiform  appendix,  and  with  a  freely  movable  appendix  it  appears 
a  matter  of  chance  which  of  them  is  found.  The  appendix  is  easily 
displaced  from  one  position  to  the  other,  so  much  so  that  we  have 
hardly  thought  it  possible  to  put  it  into  correct  statistical  form. 

S.  With  a  long  meso-appendix  it  may  lie  to  the  right  of  the 
caecum  and  ascending  colon,  running  upwards  parallel  to  the 
colon,  over  the  kidney  and  towards  the  right  lobe  of  the  liver. 

4.  The  appendix  may  be  found  lying  free  over  the  caecum  and 
colon — we  have  recently  noted  this  condition  in  a  child  of  5 
months.  This  position  is  easily  changed  into  that  in  which  it 
Ues  parallel  to  the  colon  (v.  3  s.). 

5.  The  appendix  may  lie  perfectly  free  underneath  the  caecum. 
Mr  Treves^  considers  this  as  the  commonest  position  for  the 
vermiform  appendix  after  (1) ;  he  found  it  in  eighteen  cases  out 
of  the  hundred  he  examined.     We  have  found  it  but  rarely. 

A  pervious  free  vermiform  appendix  may,  we  consider,  normally 
occupy  any  one  of  these  five  positions,  though  the  first  two  are 
the  most  common. 

In  the  56  female  subjects  the  normal  condition  was  noted 
thirty  times.  In  the  104  male  cases  it  was  found  sixty-three 
times. 

Appendix  Free  hut  Impervious. 

In  seven  cases  the  vermiform  appendix,  though  perfectly  free 
and  movable,  was  found  to  be  impervious  for  its  whole  extent, 
this  occurred  four  times  in  males,  three  times  in  females. 

The  appendix  is  frequently  found  partially  impervious  in  old 
people,  often  for  its  distal  third  or  half. 

Occasionally  cysts  are  found  in  connection  with  the  appendix ; 
thus  in  a  woman  aged  28  years  the  commimication  with  the 
caecum  was  closed,  and  the  tube  had  colloid  contenta  Again,  in 
a  woman  aged  70  years  there  was  a  calcareous  mass  encysted  in 
the  middle  of  the  appendix,  the  lumen  elsewhere  being  obliter- 

^  Loc,  eU, 
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ated.  In  a  man  aged  60  years  there  was  a  calcareous  mass  at 
the  tip  of  the  appendix,  the  rest  of  the  lumen  of  the  tube  being* 
obliterated.  In  all  these  the  appendix  was  free,  and  there  was 
no  evidence  of  any  inflammatory  process. 

Abnormal  Positions,  indvding  Retro-peritoneal  Hernia 

of  the  Appendix. 

Under  this  heading  we  shall  record  all  the  instances  of  the 
appendix  which  we  have  noticed  as  (1)  being  fixed  to  the 
peritoneum  lining  the  abdominal  walls ;  (2)  lodged  in  the  retro- 
peritoneal fossa  around  the  caecum;  (3)  lodged  in  fossae,  the 
mouths  of  which  have  become  closed.  Instances  of  this  latter 
class  have,  as  we  have  already  said,  been  described  as  congenital 
absence  of  the  vermiform  appendix. 

Now,  as  any  peritoneal  inflammation  around  the  appendix 
might  fix  it  to  the  peritoneum,  or  so  bind  it  down  as  at  first  to 
simulate  a  hernia  of  the  appendix  into  one  of  the  fossae  described 
above,  care  has  been  taken  to  look  for  any  evidence  of  inflam- 
mation, and  when  any  doubt  existed  the  case  has  been  dis- 
carded. 

Abnormal  positions  of  the  vermiform  appendix  may  be  con- 
sidered as  being  caused  by — 

1.  Abnormal  deficiency  of  the  meso-appendix,  as  the  result 

of  which  the  appendix  may  lie  (a)  behind  the  peri- 
toneum below  the  caecum,  viz.,  in  the  region  of  the 
subcaecal  fossa ;  (b)  fixed  to  the  under  surface  of  the 
caecum  and  ascending  colon ;  (o)  behind  the  peritoneum 
in  the  region  which  the  ileo-caecal  fossa  would  occupy 
if  it  was  present ;  (d)  fixed  to  the  peritoneum  along  the 
outer  or  right  border  of  the  caecum  and  ascending 
colon. 

2.  The  existence  of  the  retro-peritoneal  fossae  described 

above,  into  the  mouths  of  which  the  free  appendix  may 
pass,  and  thus  constitute  a  retro-peritoneal  hernia  of 
the  appendix  cseci. 

3.  A  combination  of  these  two  factors,  the  appendix,  owing 

to  a  deficiency  of  its  own  mesentery,  being  fixed  to  the 
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peritoneum  forming  the  floor  of  a  developed  ileo-c«cal 
(fig.  1)  or  subcsecal  fossae. 

The  abnormal  positions  of  the  vermiform  appendix  may  be 
classified  as  follows : — 

First.  The  vermiform  appendix  being  fixed  to  the  peri- 
toneum in  the  region  of  the  subcaecal  fossa  when  that 
fossa  is  not  developed.  The  appendix  may  be  wholly 
or  partially  bound  down  to  the  peritoneum ;  for 
example,  the  proximal  half  or  two-thirds  may  be  fixed 
while  the  distal  segment  is  free,  either  with  a  small 
meso-appendix  or  without. 

The  appendix  was  found  in  this  position  seven  times.  Six 
times  in  male  subjects,  once  in  a  female  subject. 

This  position  of  the  appendix  may  be  easily  derived  from  the 
common  normal  position  of  the  appendix  on  or  over  the  brim  of 
the  pelvis  by  the  withdrawal  of  its  meso-appendix,  due,  as  we 
have  already  described,  to  the  peritoneal  displacement  by  the 
gnbemaculum. 

Second,  The  appendix  may  be  adherent  to  the  under  surface 
of  the  caecum  in  contact  with  its  muscular  wall,  and 
covered  by  its  peritoneal  investment.  The  end  of  a 
long  appendix  may  pierce  the  peritoneum  and  pass 
upwards  behind  the  ascending  colon  into  the  loose 
cellular  tissue  around  the  kidney.  In  such  cases  the 
tip  of  the  appendix  may  lie  over  the  kidney  or  in 
relation  with  the  right  lobe  of  the  liver.  Ulceration 
and  suppuration  of  the  appendix  in  this  situation  may 
easily  simulate  a  lumbar  or  nephritic  abscess,  or  even 
an  empyema.  In  some  cases  the  appendix  was  fastened 
to  the  caecum  in  the  way  we  have  just  described,  with 
its  tip  projecting  for  half  an  inch  into  that  part  of  the 
peritoneal  cavity  which  lies  behind  and  to  outer  side 
of  the  colon. 

The  appendix  was  noted  as  being  tied  down  in  the  above  way 
to  the  posterior  surface  of  the  caecum  in  nine  cases.  Six  times 
in  male  subjects,  three  times  in  female  subjects. 
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Third.  The  appendix  may  be  found  in  the  subcsecal  fossa 
either  fi*ee  or  adherent  to  the  peritoneum  lining  the 
fossa  {vide  fig.  5).^ 

The  appendix  was  found  coiled  up  in  the  subcaecal  fossa 
twelve  times.  Nine  times  in  male  subjects,  three  times  in 
female  subjects. 

If  suppuration  occur  in  connection  with  the  vermiform 
appendix  when  lying  in  the  subcsecal  pouch,  the  mouth  of  the 
pouch  is  soon  closed,  and  a  local  abscess  instead  of  general 
peritonitis  will  result.  We  have  seen  such  an  abscess  travel 
down  the  sheath  of  the  psoas  and  present  in  the  groin,  or  dis- 
charge itself  into  the  caecum. 

Fourth.  The  appendix  may  be  fixed  to  the  peritoneum  along 
the  right  border  of  the  caecum  and  suscending  colon;  the 
tip  is  ofben  quite  free  and  stands  up  like  a  crook,  un- 
provided with  a  meso-appendix.  This  condition  is 
easily  derived  fix)m  one  of  the  normal  positions  of  the 
appendix  by  the  subtraction  of  its  meso-appendix. 

This  condition  was  noted  five  times.  Three  times  in  male, 
twice  in  female  subjects. 

Fifth.  The  appendix  may  be  fixed  behind  the  peritoneum 
in  the  region  of  the  ileo-caecal  fossa,  that  fossa  not 
being  developed  {vide  fig.  1).  When  long,  the  appendix 
may  be  adherent  to  and  covered  by  the  inferior  layer 
of  the  mesentery.  The  tip  of  the  appendix,  as  in  the 
preceding  positions,  may  be  free  either  with  or  without 
a  meso-appendix.  This  position  is  easily  derived  fix>m 
the  common  normal  position  of  the  appendix  by  the 
subtraction  of  its  meso-appendix. 

This  condition  was  found  twelve  times.  Eight  times  in 
males,  four  times  in  females. 

Sixth.  The  appendix  may  be  found  in  the  ileo-caecal  fossa 
{vide  fig.  2),  where  it  may  be  fi:ee,  or  from  deficiency  of 

^  For  examples,  vide  DuDn,  Path,  Trans,  f  1889,  p.  114;  Lockwood,  HufUerian 
Lectures,  1889,  p.  81. 
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the  meso-appendix,  may  be  adherent  to  the  peritoneum 
forming  its  floor. 

This  variety  of  hernia  was  found  nine  times ;  five  times  in 
male  subjects,  and  four  times  in  female  subjects. 

Ulceration  of  the  appendix  within  the  ileo-csecal  fossa  leads 
to  a  local  abscess.  We  have  seen  such  an  abscess  travel  round 
the  pelvis  behind  the  rectum  and  form  a  swelling  near  the 
left  broad  ligament,  which  was  thought  by  some  to  be  a  para- 
metric abscess. 

Seventh.  The  appendix  may  lie  completely  hidden  in  either 
the  subcaecal  or  ileo-caecal  fossa,  the  mouth  being 
closed.  In  cases  such  as  these  the  vermiform  appendix 
may  require  careful  searching  for,  and,  indeed,  may  be 
thought  to  be  absent  at  first.  Owing  to  the  fact  that 
the  mouth  of  the  fossa  has  been  closed,  it  may  be 
impossible  to  say  whether  the  closed  fossa  was  originally 
snbcaecal  or  ileo-csecal. 

This  condition  was  found  twice,  both  times  in  male  subjects. 

Swrn/fnarv. 

Appendix  VerTniformis : — 

Normal — 

Free,  perviovs, 94 

Free,  obliterated, 7 

Free,  with  cjrsts, 3 

104 


AhnoTTnal — 

1.  Adherent   to   peritoneum   in  the  sub- 

caecal i-egion, 7 

2.  Adherent  to  the  under  surface  of  the 

csecum,      ......  9 

3.  In  the  subcaecal  fossa,  .  12 

4.  Fixed  to  the  right  of  the  caecum,  .  5 


Carry  forward,  33       104 
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^twiimarj^— continued. 

AbnorToal —  Brought  forward, 

5.  Adherent  to  the  peritoneum    in   the 

region    where    the    ileo-caecal    fossa 

developes, 

6.  In  the  ileo-csecal  fossa, 

7.  Hidden  in  fossa,  the  niouth  of  which  ^^ 

had  closed, 2  ^^ 


S 

33 

10« 

12 

1 

9 

1 

2 

56 

160 


>^ 


The  drawings  which  illustrate  this  communication  have  been 
made  by  Mr  Lockwood  from  specimens  which  are  in  the  St 
George's  Hospital  Museum. 
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THE  COMPAEATIVE  ANATOMY  OF  THE  MUSCLES 
AND  NERVES  OF  THE  SUPERIOR  AND  INFERIOR 
EXTREMITIES  OF  THE  ANTHROPOID  APES.*  By 
David  Hepburn,  M.D.,  F.R.S.E.,  Senior  Deinonstrator  of 
Anatomy y  University  of  Edinburgh.  Part  I.  (Plate 
III) 

Some  time  ago,  through  the  kindness  of  Sii*  William  Turner,  of 
the  University  of  Edinburgh,  and  of  Professor  D.  J.  Cunningham, 
of  Trinity  College,  Dublin,  I  found  myself  in  the  unique  posi- 
tion of  having  the  upper  and  lower  limbs  of  each  of  the  great 
Anthropoid  Apes  in  my  possession  at  the  same  time.  From 
the  former  I  received  a  young  male  Gorilla,  and  from  the  latter 
the  upper  and  lower  extremities  of  a  Chimpanzee,  an  Orang- 
utan, and  a  Gibbon.  Accordingly,  I  determined  to  make  fresh 
dissections  of  the  limbs  of  these  animals,  and,  while  not  ignor- 
ing what  had  previously  been  contributed  to  the  literature  of 
the  subject,  I  wrote  entirely  independent  descriptions  of  the 
various  muscles  and  nerves  as  they  presented  themselves  in 
my  own  dissections.  They  were  described  with  the  same  atten- 
tion to  detail  as  the  corresponding  parts  of  human  anatomy, 
and  that  quite  irrespective  of  their  frequent  close  resemblance 
to  their  representatives  in  Man.  When  the  detailed  descrip- 
tions were  completed,  I  went  carefully  over  them  a  second 
time,  instituting  a  series  of  comparisons  which  were  set  forth 
in  a  separate  chapter  of  the  thesis,  and  which  constitutes  the 
bulk  of  the  following  pages. 

As  a  result,  it  will  be  found  that  many  of  the  seeming 

^  This  paper  consists  mainly  of  extracts  from  my  Thesis  presented  to  the 
Medical  Faculty  of  the  University  of  Edinburgh,  for  which  a  Gold  Medal  and  the 
degree  of  Doctor  of  Medicine  were  awarded,  Aug.  1,  1891. 
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anomalies  in  the  anatomy  of  the  limbs  of  Man  have  found 
intelligent  explanation,  and  the  general  facts  of  the  compara- 
tive anatomy  of  the  limbs  of  mammalia  have  been  frequently 
corroborated. 

With  regard  to  the  question  of  the  nerve-supply  of  muscles 
affording  a  key  to  muscle  homologies,  I  am  of  opinion  that  my 
dissections  will  show  that  there  are  exceptions  to  this  rule ;  and, 
therefore,  I  cannot  agree  with  Gegenbaur  and  Ruge  in  regarding 
nerve-supply  as  an  infallible  guide  to  muscle  homology.  As 
illustrating  the  possibility  of  variation,  I  would  specially  direct 
attention  to  that  part  of  the  comparative  statement  which 
deals  with  the  flexor  brevis  poUicis  muscle,  and  also  to  the 
remarkable  variation  in  the  nerve-supply  of  the  pronator  quad- 
ratus  muscle  of  the  Gibbon.  There  can  be  no  doubt  that  it  is 
the  pronator  quadratus  muscle  which  is  situated  transversely 
between  radius  and  ulna  on  the  anterior  aspect  of  the  forearm 
immediately  above  the  wrist-joint,  and  yet  in  this  case  it 
undoubtedly  received  its  nerve-supply  from  the  posterior 
interosseous  nervey  which  required  to  perforate  the  delicate 
interosseous  membrane  before  it  could  enter  the  deep  surface 
of  the  muscle  in  question.  This  instance  alone  would  be  suffi- 
cient to  show  that  nerve-supply  is  not  an  absolute  guide  in 
determining  muscle  homologies. 

Among  other  interesting  points,  these  dissections  throw  light 
on  the  composition  of  the  human  coraco-brachialis  muscle ;  on  . 
the  development  of  the  extensores  ossis  metacarpi  pollicis  et 
primi  internodii  pollicis ;  on  the  line  of  cleavage  of  the  flexor 
profundus  digitorum,  in  order  to  account  for  its  double  nerve- 
supply  in  Man;  on  the  composite  nature  of  the  adductor 
magnus  muscle,  as  indicated  by  its  double  nerve-supply;  on 
the  presence  of  the  obturator  nerve  in  relation  to  the  posterior 
aspect  of  the  knee-joint;  on  the  double  nerve-supply  of  the 
pectineus  muscle  as  described  in  Man;  on  the  probability  of 
the  peroneus  brevis  being  the  outer  segment  of  a  fibular  ex- 
tensor, the  remainder  of  which,  as  suggested  by  Ruge,  has 
moved  downwards  to  the  dorsum  of  the  foot,  where  it  remains 
as  the  extensor  brevis  digitorum;  on  the  development  of  the 
long  flexor  tendons  in  the  sole  of  the  foot ;  on  the  arrangement 
of  the  dorsal  interosseous  muscles  of  the  foot  in  relation  to  a 
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median  line  which  tends  to  move  from  the  medius  to  the  index 
digit,  in  virtue  of  a  changing  mode  of  pedal  progression. 

This  enumeration  merely  includes  the  principal  features  of 
the  results  obtained,  and  it  will  be  seen  that  the  dissection  of 
these  Anthropoid  Apes  has  enabled  me  to  formulate  a  remark- 
able series  of  deductions. 

In  the  following  pages  each  muscle  will  be  referred  to  under 
its  own  name,  but  the  details  of  its  description  will  either  be 
omitted  or  subordinated  to  its  comparative  aspects.  Here  I 
may  be  permitted  to  state  that,  in  the  case  of  the  Gorilla,  my 
manuscript  was  completed  before  the  monograph  of  Eisler  on 
"Das  Gefass-  und  Periphere-Nervensystem  des  Gorilla"  came 
into  my  hands. 

Myology  of  the  Superior  Extremity. 
Muscles  of  the  Shoulder  Girdle. 

Trapezius. — In  all  the  four  Apes  this  muscle  formed  a  con- 
tinuous sheet,  and  although  the  origin  was  incomplete  in  two  of 
them  (Chimpanzee  and  Gibbon),  still  there  was  evidence  that 
the  general  origin  in  all  of  them  was  fairly  similar.^  In  the 
Gorilla  the  occipital  origin  was  slightly  more  extensive  than  in 
Man,  while  in  the  Orang  it  was  considerably  more  extensive, 
and  ran  outwards  to  the  mastoid  process  of  the  temporal  bone, 
where  it  came  in  contact  with  the  posterior  border  of  the  stemo- 
mastoid  muscle,  and  formed  an  accurate  apex  for  the  posterior 
triangle  of  the  neck 

As  regards  the  insertion,  in  all  of  them  it  was  practically 
alike  and  similar  to  the  arrangement  found  in  Man,  but  in  the 
Orang  fibres  were  inserted  into  the  upper  surface  as  well  as 
into  the  posterior  border  of  the  acromial  end  of  the  clavicle. 

Latissiraus  Dorsi, — In  general  appearance  this  muscle  cor- 
responded to  that  found  in  Man,  but  there  were  variations  in 
the  character  and  extent  of  its  origin.  la  the  Gorilla  and 
Orang  it  arose  from  the  spinous  processes  and  supra-spinous 

^  The  aniinals  lent  by  Professor  Canningham  had  been  divided  mesially,  and 
in  conseqnence  the  origins  of  muscles  arising  from  the  mesial  line  were  fragmentary 
or  absent. 
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ligaments  of  the  three  lower  dorsal  vertebrae.  (In  the  Chim- 
panzee and  Qibbon  this  part  of  the  origin  was  mutilated.) 
The  origin  from  the  iliac  crest  varied  in  its  amount:  in  the 
Chimpanzee  it  arose  by  fleshy  fibres  from  the  anterior  half  of 
the  outer  lip  of  the  crest,  while  in  the  Orang  it  reached  to 
within  half  an  inch  of  the  anterior  superior  spine.  There  were 
no  digitations  from  ribs  in  the  case  of  the  Orang,  but  in  the 
three  other  apes  these  were  present — the  Chimpanzee  having 
three,  the  Gibbon  five,  and  the  Gorilla  six. 

In  no  case  was  there  any  additional  origin  from  the  inferior 
angle  of  the  scapula  over  which  the  muscle  ran  to  its  insertion, 
narrowing  down  into  a  flattened  tendon  as  it  proceeded  outwards. 
In  each  case  the  insertion  was  into  the  bottom  of  the  bicipital 
groove  of  the  humerus  in  front  of  the  insertion  of  teres  major. 
In  the  Chimpanzee  and  Orang  a  few  muscular  fibres  fit>m  the 
latissimus  dorsi  were  inserted  into  the  posterior  aspect  of  the 
tendon  of  the  teres  major,  while  in  the  Gibbon  these  two  tendons 
were  insepai*ably  blended  at  their  insertions. 

Rhomboidetts  (Major  et  Minor). — In  the  Gibbon  this  muscle 
was  entirely  destroyed  owing  to  the  line  of  section,  and  for  the 
same  reason  it  was  incomplete  in  the  Orang  and  Chimpanzee, 
but  wherever  it  could  be  examined  it  showed  a  muscle  indivisible 
into  component  parts.  There  was  no  occipital  origin  in  the 
Gorilla ;  but,  on  the  other  hand,  its  origin  frt>m  the  spinous 
processes  of  the  dorsal  vertebrae  extended  as  low  down  as  the  6th 
dorsal  vertebra.    The  occipital  origin  was  found  in  the  Orang. 

As  regards  the  insertion  of  this  undivided  muscle,  it  was 
attached  to  the  vertebral  border  of  the  scapula :  in  the  Orang 
and  Chimpanzee,  from  the  inferior  angle  upwards  to  a  point 
about  an  inch  above  the  base  of  the  scapulai*  spine;  in  the 
Gorilla,  fi^m  the  inferior  angle  to  a  point  opposite  the  base  of 
the  scapular  spine. 

Levator  ATigvli  Scapulce, — (This  muscle  could  not  be  ex- 
amined in  the  Gibbon.)  In  the  Orang,  Chimpanzee,  and  Gorilla 
this  muscle  was  present  in  a  well-developed  state,  but  in  the 
Orang  the  individual  fasciculi,  of  which  the  muscle  is  composed, 
remained  separate  from  each  other  until  near  their  common 
insertion,  when  they  amalgamated  to  form  the  usual  mass.  In 
the  three  animals  named,  the  insertion  occupied  the  remainder 
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of  the  vertebral  border  of  the  scapula  not  already  taken  up  by 
the  rhomboideua  In  the  Chimpanzee  there  were  three  slips  of 
origin  from  the  transverse  processes  of  a  corresponding  number 
of  the  upper  cervical  vertebrae ;  in  the  Gorilla, /oicr  slips  of  origin 
of  a  similar  kind ;  and  in  the  Orang,  five  slips  of  origin — four  of 
them  from  the  transverse  processes  of  the  upper  four  cervical 
vertebrae,  and  the  remaining  one  from  the  outer  surface  of  the 
mastoid  process  under  cover  of  the  stemomastoid  muscle.  This 
mastoid  origin  in  the  Orang  was  quite  distinct,  and  separated  by 
a  considerable  interval  from  the  occipital  origin  of  the  rhom- 
boideus  in  the  same  animal,  but  their  muscular  fibres  blended 
intimately  close  to  the  scapula. 

Pectoralis  Major. — The  arrangement  of  the  pectoral  muscles 
closely  resembled  the  condition  which  prevails  in  Man.  They 
were  arranged  in  two  strata — the  pectoralis  major  and  pectoralis 
minor.  In  all  the  four  animals  the  pectoralis  major  consisted 
of  two  distinct  portions — an  upper  or  clavicular  and  a  lower  or 
sternal — both  of  which  were  well  marked  in  the  Gorilla,  and 
separated  from  each  other  by  an  intermuscular  interval  half  an 
inch  in  width  at  its  sternal  end ;  but,  in  the  Chimpanzee,  there 
was  no  cellular  or  intermuscular  interval  between  these  two 
origins.  On  the  other  hand,  in  the  Orang  the  upper  portion  of 
the  muscle,  although  separated  from  the  remainder  of  the 
muscle  by  a  very  distinct  cellular  interval,  received  no  fibres 
whatever  from  the  clavicle,  but  arose  from  the  manubrium 
stemi  and  the  cartilage  of  the  1st  rib.  In  the  Gibbon,  again, 
the  cellular  interval  between  the  clavicular  and  sternal  origins 
did  not  extend  through  the  entire  thickness  of  the  muscle.  In 
none  of  the  apes  was  there  any  distinction  of  the  lower  fibres, 
viz.,  those  arising  from  the  aponeurosis  of  the  external  oblique 
muscle  of  the  abdomen — into  a  pectoralis  quartus.  In  each 
animal  there  was  a  marked  crossing  of  the  fibres  from  the  two 
main  sources  of  origin  as  they  approached  their  line  of  inser- 
tion, which  was  into  the  outer  lip  of  the  bicipital  groove  of  the 
humerus,  or  external  to  the  long  tendon  of  the  biceps  when  the 
groove  was  deficient  or  shallow,  as  it  was  in  the  Gorilla,  in  which 
the  insertion  extended  from  the  surgical  neck  of  the  humerus 
almost  as  low  down  as  the  insertion  of  the  deltoid  muscle. 

Pectoralia  Minor, — In  every  instance  this  muscle  was  quite 
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distinct  from  the  pectoralis  major.  While  it  had  the  same 
general  direction  and  attachments  as  the  corresponding  muscle 
in  Man,  yet  it  showed  considerable  variety  both  in  regard  to  its 
origin  and  insertion  in  the  different  Apes.  Thus,  for  example, 
the  origin  in  the  Gorilla  was  by  a  series  of  slips  arising  from  the 
3rd  to  the  7th  ribs,  both  inclusive,  close  to  the  junction  of  rib 
with  costal  cartilage ;  in  the  Chimpanzee,  from  the  2nd,  3rd, 
and  4th  ribs  in  a  similar  position ;  in  the  Orang,  from  the  3rd 
and  4th  ribs  opposite  the  junction  of  rib  with  costal  cartilage ; 
in  the  Gibbon,  from  the  3rd,  4th,  and  5th  ribs.  In  all  the  four 
animals  the  tendon  of  insertion  passed  obliquely  upwards  and 
outwards  superficial  to  the  axillary  artery,  but  there  was  a 
different  method  of  insertion  in  each  case.  Thus,  in  the  Gorilla, 
the  rounded  tendon  was  inserted  into  the  inner  border  of  the 
coracoid  process  near  to  its  tip;  in  the  Orang,  the  rounded 
tendon  was  inserted  into  the  upper  surface  of  the  coracoid  pro- 
cess near  its  base.  In  the  Gibbon,  there  were  three  points  of 
insertion — (a)  into  the  under  surface  of  the  shaft  of  the  clavicle, 
just  external  to  its  middle ;  (b)  into  the  inner  border  of  the 
coracoid  process ;  (c)  into  the  common  tendon  of  origin  of  the 
coraco-brachialis  and  biceps  (short  head),  a  short  distance  below 
the  tip  of  the  coracoid  process. 

In  the  interval  between  insertion  (a)  and  insertion  (6)  one  of 
the  nerves  for  the  pectoralis  major  passed  through,  and  since  it 
is  customary  to  find  this  nerve  perforating  the  pectoralis  minor 
of  Man,  we  are  fairly  entitled  to  consider  this  clavicular  inser- 
tion as  a  part  of  pectoralis  minor,  and  not  a  displaced  portion 
of  the  subclavius.  Besides,  as  we  shall  afterwards  see,  the  sub- 
clavius  muscle  of  the  Gibbon  had  an  origin  from  the  3rd  rib 
subjacent  to,  and  perfectly  distinct  from,  the  clavicular  insertion 
of  pectoralis  minor  just  referred  to. 

In  the  Chimpanzee,  the  rounded  tendon  of  insertion  passed 
above  the  coracoid  process,  and  was  continued  outwards  beneath 
the  coraco-acromial  ligament  to  be  inserted  into  the  capsule  of 
the  shoulder-joint,  partly  directly,  and  partly  with  the  tendon 
of  the  supraspinatus. 

The  manner  of  insertion  of  the  pectoralis  minor  in  the  Chim- 
panzee corresponded  to  what  is  found  in  some  of  the  lower 
mammalia,  and  even  as  low  down  as  the  marsupials^  as  has  been 
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pointed  out  by  Professor  Cunningham  ^  in  the  Challenger 
Beparta. 

Subdavius. — ^In  the  Gorilla  and  Chimpanzee,  this  muscle  did 
not  present  any  noteworthy  difference  from  the  condition  in 
which  it  is  found  in  Man.  On  the  other  hand,  it  had  an 
additional  slip  of  origin  from  the  2nd  rib  in  the  case  of  the 
Orang,  and  in  the  case  of  the  Qibbon  it  had  no  origin  from  the 
1st  rib^  but  derived  slips  from  the  2nd  and  8rd  ribs — the  latter 
slip  being  quite  distinct  from  one  which  arose  from  the  same 
rib  and  belonged  to  pectoralis  minor.  With  the  exception  of 
the  Gibbon,  the  insertion  of  this  muscle  agreed  with  its  inser- 
tion in  Man.  In  the  Gibbon  the  insertion  included  the  inferior 
and  posterior  surfaces  of  the  outer  half  of  the  shaft  of  the 
clavicle. 

Deltoid. — In  all  the  animals  examined  this  muscle  had  practi- 
cally the  same  disposition  as  the  corresponding  muscle  in  Man, 
and  in  one  animal  it  was  essentially  the  same  as  in  another. 
In  the  Gibbon  the  area  of  its  insertion  into  the  shaft  of  the 
humerus  was  more  elongated  than  in  the  others,  but  in  no 
instance  did  it  extend  beyond  the  middle  of  the  outer  surface 
of  the  humeral  shaft.  As  in  Man  so  in  the  Apes ;  the  three 
origins  from  clavicle,  acromion,  and  spine  of  scapula  were  fused 
together  to  produce  a  single  muscle.  It  is  worthy  of  note  that 
in  the  Chimpanzee  the  clavicular  part  of  the  muscle  was  inti- 
mately connected  with  the  clavicular  part  of  the  pectoralis 
major  near  their  insertions. 

Supraspinatus. — ^In  all  the  dissections  this  muscle  was  smaller 
than  the  infraspinatus,  and  each  one  closely  resembled  its  proto- 
type in  Man.  The  only  exception  was  found  in  the  Chimpanzee, 
in  which  a  considerable  part  of  the  tendon  of  the  pectoralis 
minor  joined  the  tendon  of  this  muscle. 

InfraapiTiatua. — This  muscle  also  closely  resembled  the 
corresponding  muscle  in  Man,  and  there  were  no  striking  dif- 
ferences to  be  observed  in  comparing  one  muscle  with  the 
other.  In  the  Chimpanzee  the  great  obliquity  of  the  scapular 
spine  reduced  the  proportion  in  size  between  infraspinatus  and 
Sttpraspinatus. 

^  Challenger  Iteports,  part  xvi.,  ''Report  on  Marmipials,"  p.  S. 
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Teres  Minor, — ^This  was  a  distlDct  muscle  in  all  the  dissec- 
tions, and,  with  the  exception  of  the  Gibbon,  it  was  more  or 
less  visible  while  the  deltoid  was  yet  in  position.  In  the  Gibbon 
no  part  of  the  muscle  was  visible  until  the  deltoid  was  reflected. 
In  all  it  arose  from  the  axillary  border  of  the  scapula  on  its 
dorsal  aspect.  In  the  Gibbon  it  occupied  an  inch  of  the  border 
close  to  the  glenoid  cavity;  in  the  Orang,  one-half  of  the  border  ; 
in  the  Chimpanzee,  the  upper  two-thirds ;  and  in  the  Gorilla, 
the  middle  third. 

From  these  observations  it  will  be  seen  that  the  Chimpanzee 
most  nearly  presented  the  condition  of  the  muscle  as  found  in 
Man,  and  herein  my  dissection  differs  from  that  of  Champneys,^ 
who  found  the  muscle  attached  to  the  middle  third  of  the  ventral 
border  of  the  scapula.  In  each  case  the  insertion  was  as  in 
Man« 

Teres  Major. — In  each  animal  this  muscle  arose  from  the 
dorsal  surface  of  the  inferior  angle  of  the  scapula,  and  from  a 
varying  amount  of  the  axillary  border,  being  greatest  in  the 
Gibbon,  and  to  the  smallest  extent  in  the  cases  of  the  Gorilla 
and  Orang,  where  it  only  occupied  the  lower  third  of  the  border. 
In  all  it  was  inserted  into  the  inner  lip  of  the  bicipital  groove 
of  the  humerus,  more  or  less  intimately  blended  with  the  inser- 
tion of  the  latissimus  dorsi.  In  the  Gorilla  it  extended  lower 
down  than  the  latissimus  dorsi,  and  in  the  Gibbon  the  latissimus 
dorsi  folded  itself  round  the  lower  margin  of  the  tendon  of  the 
teres  major. 

Subscapularis. — In  all,  this  muscle  was  well  marked,  and  in 
its  arrangement  and  attachments  it  presented  no  points  of 
noteworthy  difference  from   the  condition  which  prevails  in 

Man. 

* 

Serrahts  Magnus. — In  every  instance  this  muscle  formed  a 
continuous  sheet,  arising  from  a  varying  number  of  ribs.  In 
the  Orang  it  arose  from  the  upper  ten  ribs ;  in  the  Chimpanzee 
and  Gibbon,  from  the  upper  eleven  ribs ;  in  the  Gorilla,  from 
all — thirteen  ribs.  In  none  of  them  was  there  any  cervical  part, 
although  Champneys  ^  found  such  a  portion  in  his  Chimpanzee. 
The  insertions  occupied  the  usual  amount  of  the  vertebral  border 
of  the  scapula  on  its  ventral  aspect,  as  seen  in  Man. 

*  Jmvr.  Anat.  and  Phys.,  vol.  vL,  1872.  *  Loe.  ciL 


THE  MUSCLES  AND  NERVES  OF  ANTHROPOID  APES.       157 

(Tn  the  Qibbon  the  insertion  had  been  removed  in  the  plane 
of  section.) 

Muscles  of  the  Upper  Arm. 

Coraco-Brdchialis. — No  statement  re^rding  the  compara- 
tive anatomy  of  this  muscle  would  be  complete  without  reference 
to  the  paper  on  "Muscular  Variations"  by  Professor  John 
Wood,^  in  which  he  teaches  the  threefold  constitution  of  this 
muscle — coraco-brachialis  brevis,  coraco-brachialis  mediue,  and 
coraco-brachialis  longus.  In  the  Gibbon  this  was  a  single 
muscle ;  moreover,  it  was  not  pierced  by  the  musculo-cutaneous 
nerve  which  travelled  along  its  inner  surface  and  crossed  out- 
wards and  downwards  at  its  lower  border.  In  the  Chimpanzee 
and  Orang  the  muscle  was  distinctly  double,  and  the  musculo- 
cutaneous nerve  passed  outwards  and  downwards  between  the 
two  parts.  In  the  Gorilla  the  condition  of  this  muscle  presented 
variations  on  the  two  sides  of  the  body.  On  the  right  side  the 
coraco-brachialis  arose  from  the  tip  of  the  coracoid  process  of 
the  scapula  by  a  tendon  common  to,  inseparably  blended  with, 
and  under  cover  of  the  origin  of  the  short  head  of  the  biceps. 
From  this  origin  the  muscle  passed  downwards  and  backwards 
to  be  inserted  into  the  middle  third  of  the  inner  surface  of  the 
shaft  of  the  humerus.  From  the  lower  border  of  the  muscle  a 
few  fibrous  strands  passed  downwards  superficial  to  the  musculo- 
cutaneous nerve  and  became  attached  to  the  internal  inter- 
muscular septum,  and  probably  these  represent  coiuco-brachialis 
longus.  In  addition  to  the  parts  above  described,  the  left  side 
showed  that  a  few  muscular  fibres — suflScient  to  make  a  bundle 
considerably  less  than  a  lumbrical  muscle — left  the  under  surface 
of  coraco-brachialis  to  be  inserted  into  the  inner  side  of  the 
neck  of  the  humerus  above  the  level  of  the  teres  major  tendon, 
and  doubtless  these  fibres  represent  the  coraco-brachialis  brevis. 
In  this  animal  we  have,  therefore,  representatives  of  the  three 
primary  components  of  the  coraco-brachialis  muscle,  and  of  these, 
two  are  extremely  rudimentary,  while  the  coraco-brachialis 
medius  persists.  These  observations  agree  with  the  experience 
of  Champneys*  and  Vrolik'  in  the  Chimpanzee,  with  Church  ^  in 

^  Jour.  Anal,  and  Phya.,  vol.  L 

'  Loe.  cU.  •  Rechcrehes  cCAnMt.  mr  U  Chimpansi,  1841. 

*  Church,  Nat.  Hist.  Heview,  Jan.  1862. 
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the  Orang,  with  Kohlbiligge^  in  the  Qibbon;  but  they  differ 
from  Duvemoy  ^  in  the  Gorilla. 

Accoixiing  to  Wood,  the  coraco-brachialis  brevis  is  inserted 
into  the  humerus  above  the  tendon  of  the  teres  major,  the 
coraco-brachialis  medius  into  the  humerus  about  its  middle,  and 
the  coraco-brachialis  longus  into  the  lower  part  of  the  shaft  of 
the  humerus  on  its  inner  aspect  in  the  region  of  the  supra- 
condyloid  ridge. 

In  none  of  my  specimens,  except  ia  the  left  arm  of  the 
Gorilla,  could  the  coraco-brachialis  brevis  be  said  to  exist,  for 
in  all  the  others  the  highest  part  of  the  muscle  did  not  come 
superior  to  the  insertion  of  the  teres  major,  whereas  in  the 
Gibbon,  where  the  muscle  was  single,  it  extended  well  down 
below  the  lower  border  of  teres  major.  On  the  other  hand,  in 
the  Chimpanzee  and  Orang,  where  the  muscle  was  double,  the 
lower  portion  ran  down  to  the  upper  part  of  the  internal  supra- 
condyloid  ridge. 

The  conclusion  is,  therefore,  forced  upon  us  that  the  coraco- 
brachialis  medius  is  the  representative  of  this  group  of  three 
muscles  in  the  Gibbon  and  Gorilla,  while  in  the  Chimpanzee  and 
Orang  the  coraco-brachialis  medius  and  coraco-brachialis  longus 
are  both  present.  As  the  coraco-brachialis  longus  becomes  shorter, 
it  rises  higher  on  the  shaft  of  the  humerus,  until  it  fuses  with 
the  medius,  and  the  condition  found  in  Man  is  the  result,  in 
whom  an  apparently  single  muscle  is  perforated  by  the  musculo- 
cutaneous nerve. 

Biceps  Flexor  CvJbiti. — In  the  Gorilla,  Chimpanzee,  and  Orang, 
this  muscle  possessed  the  usual  well-known  features  which 
characterise  the  corresponding  muscle  in  Man;  but  in  the 
Gibbon  the  short  head  of  the  muscle  has  become  detached 
from  the  coracoid  process,  and  was  found  arising  from  the  mar- 
gins of  the  upper  part  of  the  bicipital  groove  of  the  humerus 
covering  the  rounded  tendon  of  the  long  head,  which  arose  from 
the  apex  of  the  glenoid  fossa  of  the  scapula  inside  the  capsule 
of  the  shoulder-joint.  In  the  same  animal  the  muscles  round 
the  elbow-joint  were    considerably  fused    together,  and    the 

1  Eohlbriigge,    Anatomie    des    Genus    ffylobates,    1890    (Dr   Max   Weber, 
Amsterdam). 
*  Dayernoj,  Archives  du  Museum  d^Hist,  KcU,,  viii. 


THE  MUSCLES  AND  NERVES  OF  ANTHROPOID  APES.       159 

biceps  received  fibres  of  origin  from  the  whole  length  of  the 
anterior  surface  of  the  internal  intermuscular  septum,  thereby 
forming  a  complete  muscular  covering  for  the  brachial  nerves 
and  vessels  which  were  not  visible  from  the  inner  aspect  of  the 
upper  arm. 

Brachialia  Anticvs. — In  all  essential  details  this  muscle 
corresponded  to  the  same  muscle  in  Man,  and  even  in  the 
Gibbon  the  points  of  difference  were  very  small.  In  it  we  may 
note  the  fact  that  the  highest  limit  of  the  muscle  did  not  reach 
the  coraco-brachialis,  and  neither  did  it  embrace  the  insertion 
of  the  deltoid  where  it  was  found  anterior  to,  but  not  behind, 
the  insertion  of  the  deltoid  muscle. 

Triceps  Extejisor  CubiM, — ^In  all  the  animals  under  considera- 
tion this  muscle  was  strongly  developed,  and  presented  the 
characteristic  arrangement  from  which  it  derives  its  name.  The 
long  or  scapular  head  had  a  xsiore  extended  origin  than  is 
usually  found  in  Man.  In  each  case  there  was  a  series  of  more 
or  less  fleshy  fibres  arising  from  the  upper  third  or  half  of  the 
axillary  border  of  the  scapula,  and  situated  between  the 
origins  of  teres  minor  and  teres  major.  These  fibres  were  in 
direct  continuity  with  the  long  head,  and  were  not  separable 
into  a  distinct  origin  apart  from  the  long  head.  The  outer  and 
inner  heads  of  the  muscle  and  the  insertion  of  the  whole  had 
the  usual  arrangement  found  in  Man. 

Afifxyfieus. — In  all  the  specimens  this  small  muscle  was  dis- 
tmctly  developed,  and  had  its  customary  attachments,  but  in  the 
Orang  and  Gibbon  the  upper  margin  of  the  muscle  was  ill 
defined,  being  in  reality  a  continuation  of  the  triceps,  while  in 
the  latter  ape  its  fibres  blended  with  those  of  the  extensor 
carpi  ulnaris. 

LatissiTnO'Condyloideus  (Dorsi-epitrochlear). — This  muscle 
vas  found  in  each  animal.  It  arose  from  the  tendon  of  latissi> 
mus  dorsi,  about  1  inch  from  its  insertion,  but  in  no  case  did  it 
reach  the  internal  condyle,  and  its  insertion  was  into  the 
internal  intermuscular  septum  between  the  coraco-brachialis 
and  internal  condyle.  It  always  had  a  distinct  branch  from  the 
mosculo-spiral  nerve,  and  it  is  therefore  to  be  regarded  as  a 
separate  muscle,  since  the  latissimus  dorsi  is  supplied  by  the 
long  subscapular  nerve.    - 
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Mvscles  of  the  Forearrrh, 

ProTiator  Badii  Teres,— -In  all,  this  muscle  was  well 
developed,  but  in  the  Oorilla  and  Gibbon  no  coronoid  head  was 
found.  In  the  Chimpanzee  and  Orang  the  coronoid  head  was 
well  represented,  and  the  median  nerve  passed  between  the 
humeral  and  coronoid  origins.  In  the  two  latter  animals  the 
insertion  was  somewhat  lower  down  than  in  Man,  the  lowest 
part  of  the  insertion  being  fleshy.  In  the  Gibbon  the  inser- 
tion was  into  the  anterior  surface  as  well  as  the  outer  border 
of  the  radius. 

Flexor  Carpi  Badialis. — This  was  also  a  well-marked  muscle 
throughout  the  series,  its  general  origin,  course,  and  insertion 
being  similar  in  each  animal,  and  agreeing  with  the  conditions 
found  in  Man.  In  the  Gorilla,  Orang,  and  Gibbon  there  was  an 
additional  source  of  origin  from  a  fibrous  septum  attached  to 
the  oblique  line  of  the  radius  immediately  internal  to  the 
insertion  of  pronator  radii  terea  In  the  CJorilla  this  additional 
origin  extended  some  distance  lower  down  than  the  insertion  of 
the  pronator  teres.  This  origin  was  not  present  in  the  Chim- 
panzee. All  of  them  agreed  in  their  double  insertion  into  the 
palmar  aspects  of  the  bases  of  the  second  and  third  metacarpal 
bones. 

Palmaria  Longiia. — This  muscle  was  present  in  all  except 
the  Gorilla,  and  it  had  its  usual  origin,  course,  and  insertion 
after  the  manner  of  its  disposition  in  Man. 

Flexor  Sublimia  Digitortim. — The  points  wherein  diflfer- 
ences  could  be  noted  in  this  muscle  throughout  the  series  of 
animals,  and  in  the  corresponding  muscle  of  Man,  were  very  few. 
In  all,  the  origin  presented  condylar,  coronoid,  and  radial  parts ; 
but,  in  addition  to  these,  in  the  Gibbon  it  showed  an  additional 
origin  from  rather  more  than  the  middle  two-fourths  of  the 
anterior  surface  of  the  shaft  of  the  ulna,  between  flexor  carpi 
ulnaris  and  flexor  profundus  digitorum.  In  each  animal  the 
muscle  provided  four  tendons  for  the  four  inner  digits.  In  the 
Gibbon,  it  may  be  noted  that  the  2nd  and  3rd  digits  received 
their  tendons  from  the  radial  segment  or  aspect  of  the  muscle, 
while  the  ulnar  side  of  the  muscle  supplied  tendons  to  the  4th 
and  5th  digita     This  is  not  the  case  in  the  Orang  and  Chim- 
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panzee,  in  which  the  tendons  for  the  3rd  and  4th  digits  arose 
from  that  part  of  the  muscle  situated  radiad,  while  the  tendons 
for  the  2nd  and  5th  digits  spring  from  that  part  of  the  muscle 
placed  ulnad,  and  hence  it  follows  that  the  tendon  for  the  2nd 
or  index  digit  crossed  obliquely  outwards  beneath  those  for  the 
3rd  and  4ch  digits.  The  same  remarks  apply  to  the  arrange- 
ment of  the  tendons  in  the  case  of  the  Qorilla.  In  the  palm  of 
the  hand  the  tendons  were  bound  more  firmly  in  position  by 
means  of  deep  and  powerful  prolongations  of  the  palmar  fascia 
than  is  the  case  in  Man,  so  that  each  tendon  was  practically 
enclosed  in  a  sheath  from  the  point  of  its  emergence  from  under 
the  anterior  annular  ligament,  but  after  entering  the  flexor 
sheaths  on  the  palmar  aspects  of  the  fingers,  their  disposition 
aud  insertions  were  similar  to  those  of  Man. 

Heosor  Carpi  UVnaris, — ^In  each  of  the  animals  this  muscle 
had  a  sindlar  disposition,  and  throughout  it  closely  resembled 
the  corresponding  muscle  in  Man«  In  each  it  had  a  condylar 
and  an  olecranon  head  of  origin,  as  well  as  an  attachment  to 
the  shaft  of  the  ulna  by  means  of  an  aponeurosis.  In  the  Orang 
the  origin  from  the  olecranon  was  aponeurotic  and  not  muscular. 
In  all,  the  ulnar  nerve  entered  the  forearm  between  the  condylar 
and  olecranon  heada  In  every  instance  the  tendon  of  the 
muscle  was  inserted  into  the  pisiform  bone. 

Flexor  Longvs  PoUicia;  Flexor  Profundus  Digitorwm. — 
We  now  come  to  the  consideration  of  a  stratum  of  muscle  placed 
beneath  the  superficial  group  of  flexors.  In  many  of  the  lower 
Miimiila  this  mass  is  intimately  associated  with  the  flexor  sublimis 
digitorum,  and  in  the  Gibbon  we  still  find  a  remnant  of  this 
arrangement,  for  in  it  the  stratum  under  discussion  possessed  a 
source  of  origin  from  the  internal  condyle  of  the  humerua  We 
therefore  see  that  this  deep  stratum  represents  the  radial  and 
ulnar  segments  of  the  muscular  mass,  which  in  the  lower  animals 
is  divisible  into  condylar,  radial,  and  ulnar  segments.  In  the 
Gorilla,  Orang,  Chimpanzee,  and  Man  the  condylar  segment  has 
become  completely  differentiated  as  flexor  sublimis  digitorum ; 
but  in  the  Gibbon  a  portion  of  this  segment  is  still  found  extend- 
ing from  the  internal  condyle  to  the  deep  stratum.  In  Man  this 
condition  is  occasionally  found  as  a  muscular  variation.  The 
radial  and  ulnar  segments  are  responsible  for  the  production  of 
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five  tendons — one  for  each  digit.  Of  these,  the  tendon  for  the 
pollex  becomes  the  flexor  longus  poUicis,  while  those  for  the 
remaining  digits  constitute  the  tendons  of  the  flexor  profundus 
digitorum.  In  the  Gibbon  this  stratum  of  muscle  did  not 
present  the  same  distinct  line  of  segmentation  into  radial  and 
ulnar  portions  which  it  did  in  the  other  three  apes;  but 
those  parts  arising  from  the  radius  and  humeral  condyle,  i,e., 
the  humero-radial  segment,  gave  origin  to  three  muscular  bellies, 
ending  in  rounded  tendons,  distributed  to  the  thumb,  index, 
and  middle  Anders,  and  supplied  by  the  median  nerve.  The 
ulnar  segment  of  the  stratum  gave  origin  to  two  muscular 
bellies,  sending  tendons  to  the  ring  and  little  fingers,  and  sup- 
plied by  the  ulnar  nerve. 

In  the  Orang,  Chimpanzee,  and  Gorilla  the  natural  line  of 
segmentation  was  such  that,  of  the  five  tendons,  my  series  of 
dissections  showed  that  three,  viz.,  those  for  the  Srd,  4th,  and 
6th  digits,  were  provided  by  the  ulnar  segment ;  while  two,  viz., 
those  for  the  pollex  and  index,  were  provided  by  the  radial 
segment;  but  still  the  median  nerve  supplied  three  of  the 
muscular  bellies  and  the  ulnar  nerve  supplied  two.  Concentrat- 
ing our  attention  on  the  radial  segment,  the  Gibbon  shows  that 
it  produces  a  distinct  rounded  tendon  (associated  with  a  small 
fleshy  belly)  for  the  thumb, — this  constitutes  a  true  flexor 
longus  pollicis, — ^and,  in  addition,  separate  tendons  for  the  index 
and  middle  fingers — their  deep  flexors.  In  the  Chimpanzee 
the  radial  segment  provided  one  powerful  tendon,  the  bulk  of 
which  went  to  the  index  finger,  and  only  a  small  offshoot  reached 
the  thumb,  where  it  occupied  the  position  of  the  long  flexor 
tendon.  In  the  Orang  the  same  arrangement  was  found  as  in 
the  case  of  the  Chimpanzee,  only  the  offshoot  for  the  thumb 
had  almost  lost  its  attachment  to  the  tendon  for  the  index 
finger,  and  therefore  its  action  as  a  deep  flexor  for  the  thumb 
must  be  of  the  feeblest  kind.  In  the  Gorilla,  on  the  other  hand, 
the  radial  segment  only  provided  one  tendon,  viz.,  that  for  the 
index  finger;  but  an  examination  of  the  flexor  aspect  of  the 
thumb  revealed  a  tendinous  band,  occupying  the  position  of  the 
long  flexor,  and  attached  by  one  end  to  the  carpus,  and  by  the 
other  to  the  palmar  aspect  of  the  base  of  the  terminal  phalanx 
of  the  thumb  (fig.  6).     Clearly  this  fibrous  band  was  of  no  value 
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as  a  flexor,  and  therefore  we  may  consider  that  the  Gorilla  has 
lost  its  flexor  longus  poUicis.  It  is  certainly  somewhat  remark- 
able that  the  tendon  of  the  flexor  longus  pollicis  should  present 
a  difierent  disposition  in  each  of  the  Apes,  although  the  muscular 
mass  from  which  it  might  be  expected  to  arise  is  well  developed. 
We  can  now  understand  how  this  radial  segment  difierentiates 
more  and  more,  so  as  to  provide  deep  flexors  for  the  thumb 
and  index  finger  as  the  specialisation  of  function  advances. 
Oradually  that  portion  associated  with  the  thumb  increases, 
and  dissociates  itself  from  the  part  belonging  to  the  index  finger 
until  the  pollical  portion  grows  large  enough  to  assume  the 
position  and  importance  of  the  flexor  longus  pollicis  as  we  see  it 
in  Man.  By  this  time  that  part  belonging  to  the  index  finger 
has  been  moved  towards  the  ulnar  segment,  with  which  it  ulti- 
mately fuses,  and  forms  part  of  the  flexor  profundus  digitorum 
as  it  is  found  in  Man.  The  tendency  seems  to  be  for  the  line 
of  vertical  cleavage  into  radial  and  ulnar  segments  to  move 
towards  the  radial  side ;  for,  whereas,  in  the  Gibbon  three  tendons 
lie  to  the  radial  side  of  this  line  of  cleavage,  in  the  Orang, 
Chimpanzee,  and  Gorilla  only  two  tendons  lie  to  the  radial  side, 
and,  finally,  in  Man  the  number  is  reduced  to  one,  viz.,  flexor 
longus  pollicis,  by  reason  of  the  line  of  cleavage  having  again 
moved  still  more  towards  the  radial  side. 

Further,  we  are  in  a  position  to  explain  the  double 
nerve-supply  of  the  flexor  profundus  digitorum  of  Man  by  an 
examination  of  the  nerve-supply  of  the  radial  and  ulnar 
segments  previously  referred  to.  The  radial  segment  is  sup- 
plied directly  from  the  median  nerve,  while  the  radial  aspect 
of  the  ulnar  segment  derives  its  nerve-supply  from  the  anterior 
interosseous  branch  of  the  same  nerve,  i,e.,  in  each  Ape  the 
same  amount  of  the  stratum  is  supplied  by  the  median  nerve. 
Hence,  it  follows  that  muscular  substance  to  correspond  with 
three  of  the  five  deep  tendons  derives  its  nerve-supply  from  the 
median  nerve,  and  the  remaining  muscular  substance  for  the 
two  innermost  tendons  is  supplied  from  the  ulnar  nerve — that 
is  to  say,  the  flexor  profundus  digitorum,  as  we  understand  it 
in  Man,  has  its  ulnar  half  supplied  by  the  ulnar  nerve,  and  its 
radial  half  supplied  by  the  median  nerve ;  and  as  we  know  the 
same  plan  of  nerve-supply  persists  all  through  this  muscle. 
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affecting  even  the  lumbricales  associated  with  these  deep  ten* 
dons  in  the  palm,  and  thereby  the  two  outer  lumbrical  muscles 
are  provided  with  branches  from  the  median  nerve,  and  the  two 
inner  lumbricals  with  branches  from  the  ulnar  nerve. 

Lwmhriccdea, — In  each  of  the  Apes  examined  these  muscles 
were  present,  and  four  in  number.  They  had  a  tendency  to 
decrease  in  size  from  the  first  to  the  fourth.  As  regards  their 
origins  they  were  subject  to  variety.  The  first  always  arose 
from  a  single  tendon ;  in  the  Chimpanzee  and  Gibbon  the  second 
also  aitNse  merely  from  the  radial  side  of  the  deep  tendon  for 
the  middle  digit ;  in  all,  the  third  had  a  double  head  of  origin* 
In  the  Chimpanzee  the  fourth  arose  only  from  the  ulnar  side  of 
the  deep  tendon  for  the  ring  finger,  and  in  the  Orang  the  fourth 
arose  from  the  radial  side  of  the  deep  tendon  to  the  5th  digit 
Their  insertions  were  similar  to  those  found  in  Man. 

ProTiator  Quadratua, — In  all  the  series  this  muscle  was  pre- 
sent, but  was  most  feeble  in  the  Orang,  in  which  there  was 
scarcely  enough  of  muscular  fibre  to  make  a  continuous  layer. 
It  had  its  usual  position  at  the  lower  end  of  the  forearm,  but  the 
direction  of  its  fibres  was,  as  a  rule,  more  oblique  than  in  Man. 
This  was  especially  the  case  in  the  Qibbon  and  Orang,  in  which 
it  distinctly  lay  from  above  downwards  and  outwards. 

Turning  now  to  the  muscles  on  the  extensor  aspect  of  the 
forearm,  we  find  that  just  as  in  Man,  so  in  all  the  animals 
under  consideration  they  arrange  themselves  in  a  superficial 
and  a  deep  group. 

SupiTiator  Radii  Longvs. — In  all  the  series  of  dissections 
this  was  a  distinct  muscle,  and  in  each  instance  it  took  origin 
from  more  or  less  of  the  external  supracondyloid  ridge  and 
septum  higher  up  than  the  other  muscles  arising  from  the  same 
ridge.  In  the  Chimpanzee  it  extended  as  high  as  the  insertion 
of  the  deltoid,  and  in  the  Gibbon  it  was  intimately  blended  with 
the  outer  surface  of  the  brachialis  anticus.  In  every  case  its 
course  lay  along  the  radial  border  of  the  forearm  to  its  point  of 
insertion,  which  varied  in  the  different  animals.  In  the  Gorilla 
the  insertion  was  the  same  as  in  Man;  in  the  Chimpanzee 
the  tendon  was  attached  to  the  radius  for  ^  inch  above  the 
styloid  process ;  in  the  Orang  this  attachment  hsid  increased  to 
1  inch  in  length ;  while  in  the  Gibbon,  not  only  was  it  attached 
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to  the  anterior  surface  and  outer  border  of  the  radius  for  2^ 
inches,  but  it  failed  to  reach  the  styloid  process  by  a  distance 
of  2|  inchea 

Extensor  Carpi  Radialis  Langior. — In  its  general  arrange- 
ment this  muscle  was  similar  to  its  fellows  throughout  the 
series  as  well  as  to  the  corresponding  muscle  in  Man.  It  arose 
from  the  lower  part  of  the  external  supracondyloid  ridge  and 
septum :  in  the  lower  part  of  the  forearm  it  was  crossed  super- 
ficially by  special  extensors  of  the  thumb,  and  it  was  inserted 
into  the  radial  aspect  of  the  base  of  the  metacarpal  bone  of  the 
index  finger  on  its  dorsal  surface.  In  the  Gibbon  its  muscular 
belly  was  little  more  than  3  inches  in  length,  while  its  tendon 
measured  10  inches,  and  in  addition  to  the  usual  insertion  it 
sent  a  prolongation  to  the  base  of  the  1st  metacarpal  bone  on 
its  ulnar  side. 

Extensor  Carpi  Badialis  Brevior. — Although  in  intimate 
relationship  to  the  preceding  muscle,  it  was  in  no  way  amal- 
gamated therewith,  and  it  possessed  the  same  general  features 
throughout  the  series,  and  closely  resembled  the  correspond- 
ing muscle  in  Man.  In  the  Orang  and  Chimpanzee  it  derived 
fibres  of  origin  from  the  external  lateral  ligament  of  the 
elbow-joint.  In  all  four  animals  its  insertion  resembled  that 
found  in  Man. 

Extensor  Com/munis  Digitorwm, — In  all  its  features  this 
muscle  throughout  the  series  harmonised  closely  with  the  cor- 
responding muscle  in  Man.  In  the  Gibbon  the  tendon  to  the 
annularis  sent  a  small  slip  to  the  minimus.  The  arrangement 
of  the  tendons  on  the  dorsum  of  each  digit  was  the  same  as  is 
commonly  found  in  Man. 

Extensor  Minimi  Digiti. — This  muscle  had  the  familiar 
origin  seen  in  Man  in  the  case  of  the  Orang  and  Chimpanzee, 
but  in  the  Gorilla  and  Gibbon  its  origin  was  from  a  septum 
placed  between  the  extensor  communis  digitorum  and  the 
extensor  cai*pi  ulnaris  rather  than  from  the  external  condyle  of 
the  humerus.  Its  course  and  insertion  were  similar  to  those  in 
Man  in  all  except  the  Orang,  in  which  it  divided  into  two 
tendons  on  the  dorsum  of  the  carpus.  These  were  distributed 
to  the  4th  and  5th  digits,  where  they  joined  the  tendons  from 
the  common  extensor.     This  arrangement  affords  evidence  of 
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its  being  the  same  muscle  as  the  extensor  digitorum  secundus 
of  the  marsupials  to  which  Professor  Cunningham  has  directed 
attention  in  his  memoir.^ 

Extensor  Carpi  Ulnaris, — In  each  of  the  animals  examined 
the  arrangement  of  this  muscle  corresponded  with  that  which 
prevails  in  Man,  and  in  all,  the  insertion  was  a  single  one  into 
the  ulnar  side  of  the  base  of  the  5th  metacarpal  bone. 

Extensor  Indicia  vel  Extensor  Profundus  Digitorum. — 
With  the  exception  of  the  Gorilla,  in  which  this  was  a  slender 
muscle,  in  the  other  animals  it  showed  a  considerably  greater 
development  than  in  Man.  As  feir  as  the  origin  was  concerned, 
it  closely  resembled  th^  condition  present  in  Man,  but  in  regard 
to  the  insertion  there  were  great  differences.  In  the  Gorilla,  it 
resembled  that  of  Man ;  in  the  Chimpanzee,  it  supplied  tendons 
to  the  index  and  annularis ;  in  the  Orang,  it  supplied  tendons  to 
the  index  and  medius;  in  the  Gibbon,  it  supplied  tendons  to  the 
index,  medius,  and  annularis.  In  addition,  these  tendons  in  the 
case  of  the  Orang  sent  slips,  which  were  inserted  into  the  dorsal 
surface  of  the  bases  of  the  1st  phalanges,  and  in  the  Gibbon  they 
were  entirely  inserted  into  the  dorsal  surfaces  of  the  bases  of  the 
1st  phalanges,  and  did  not  become  blended  with  the  common 
extensor  expansion. 

Supinator  Brevis, — In  all  the  animals  this  muscle  was  well 
marked,  and  practically  it  was  identical  throughout  the  serie& 
Moreover,  it  corresponded  closely  with  the  same  muscle  in  Man 
in  regard  to  all  essential  details. 

There  are  three  special  muscles  for  the  poUex  taking  origin 
from  this,  the  extensor  aspect  of  the  forearm.  Undoubtedly 
these  represent  the  three  special  extensors  of  the  thumb  of  Man, 
but,  on  account  of  their  insertions  being  considerably  modified 
in  two  instances,  it  is  necessary  to  make  a  change  in  the  nomen- 
clature to  suit  these  special  requirements.  The  following  tabular 
statement  gives  the  terms  which  are  synonymous : — 

I.  Extensor  Ossis  Metacarpi  Pollicis  veL  Abductor  PoUicis 

Longus. 
n.  Extensor  Primi  Intemodii  Pollicis  vd  Extensor  Pollicis 
Brevis. 

^  Challenger  Hqforts,  part.xvi.,  **  Report  on  Maraupials,"  p.  15. 
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in.  Extensor  Secundi  Inteniodii  PoUicis  vd  Extensor  PoUicis 

Longus. 
In  the  coarse  of  our  examination  we  shall  find  that  III.  is  a 
constant  muscle  throughout  the  series,  but  that  I.  and  II. 
are  more  or  less  amalgamated  at  their  origins;  that  the  two 
tendons  arising  therefrom  always  occupy  the  positions  charac- 
teristic of  them ;  but  that  in  three  of  the  animals — viz.,  Chim- 
panzee, Orang,  and  Gibbon — the  tendons  have  failed  to  reach 
the  insertions  peculiar  to  these  extensors  as  found  in  Man,  and 
that  the  modified  or  synonymous  terms  are  thereby  rendered 
necessary. 

Commencing  with  the  Extensor  Oaaia  Metacarpi  PoUicis  vel 
Abductor  PoUicis  Longus,  we  find  that,  in  the  Gorilla,  this 
muscle  occupied  its  ordinary  position,  and  had  its  usual  inser- 
tion into  the  base  of  the  1st  metacarpal  bone  (fig.  2).  The 
origin  of  this  muscle  was,  however,  inseparably  amalgamated 
with  that  of  the  extensor  primi  internodii  pollicis. 

In  the  Chimpanzee,  Orang,  and  Gibbon  this  muscle  was 
always  the  highest  of  the  three  special  muscles  under  considera- 
tion, and  its  special  insertion  in  these  animals  necessitates  the 
alternative  terms.  In  all  of  them  it  was  inserted  in  relation  to 
the  outer  side  of  the  carpus,  viz.,  in  the  Gibbon,  into  a  sesamoid 
bone  (prepoUex)  (fig.  1) ;  in  the  Chimpanzee,  into  a  sesamoid 
bone  and  the  trapezium ;  in  the  Orang,  into  a  sesamoid  bone 
and  the  base  of  metacarpal  I.  From  these  data  it  must  be  quite 
evident  that  it  is  one  and  the  same  muscle  which  runs  through 
this  series  of  variations. 

Extensor  PHmi  Internodii  PoUicis  vel  Extensor  PoUicis 
Brem.— Dealing  now  with  this  muscle,  there  was  no  difficulty 
in  recognising  from  its  line  of  origin, — ^which  was  always  more 
especially  the  posterior  surface  of  the  radius  lower  down  than 
the  preceding  muscle,  with  which  it  was  closely  amalgamated 
in  the  Gorilla  and  Chimpanzee, — that  it  was  the  extensor  primi 
internodii  pollicis.  But  when  we  come  to  examine  its  insertion, 
then  this  name  will  not  always  apply.  In  the  Gibbon,  Orang 
and  Chimpanzee,  it  was  inserted  into  the  base  of  metacarpal  I. 
(fig.  1).  In  the  Gorilla  it  was  inserted  into  the  base  of  Tneta- 
carpal  I.  and  the  base  of  the  1st  phalanx  of  the  thumb  (fig.  2). 
Considered  in  this  way,  as  well  as  from  its  general  relationships, 


168       DR  HEPBURN  ON  THE  COMPARATIVE  ANATOMY  OF 

it  seems  to  me  that  the  above  synonymous  terms  are  fully 
warranted.  Certainly,  in  three  of  the  animals  examined,  this 
muscle  had  no  insertion  into  the  1st  phalanx  of  the  poUex,  but 
I  do  not  think  it  is  necessary  to  say  that  extensor  primi  inter- 
nodii  poUicis  veL  extensor  poUicis  brevis  is  on  that  account 
absent.^  It  is  better  to  look  upon  the  muscle  as  imperfectly 
developed,  for,  in  the  Gorilla,  we  see  how  very  easily  it  might 
move  forward  to  its  true  position. 

Extensor  Secundi  Internodii  PoUicis  vel  Extensor  PoUicis 
Longvs. — There  was  no  difficulty  whatever  in  determining  this 
muscle.  Its  position,  origin,  course,  and  point  of  insertion,  all 
indicated  that  it  was  the  homologue  of  the  corresponding  muscle 
in  man.  There  were,  however,  some  points  of  great  interest  in 
connection  with  its  insertion.  We  have  seen  that  in  the 
Gibbon,  Orang,  and  Chimpanzee,  the  true  extensor  of  the  first 
phalanx  of  the  pollex  failed  to  reach  this  bone.  Now,  in  each 
of  these  cases,  a  prolongation  from  the  tendon  of  extensor 
secundi  internodii  poUicis  supplied  the  deficiency,  and  it  was 
inserted  into  the  base  of  phalanx  I.  In  the  Gorilla,  on  the  other 
hand,  where  the  true  extensor  of  the  1st  phalanx  was  present, 
there  was  no  additional  slip  fi'om  the  extensor  of  the  2nd 
phalanx.  Another  extremely  interesting  feature  of  the  tendon 
was  found  in  the  Gorilla,  in  which  this  muscle  sent  a  tendon  to 
the  index  as  well  as  the  special  one  to  the  pollex.  The  import- 
ance of  this  additional  slip  is  seen  when  we  remember  that  in 
lower  forms,  e.g.,  marsupials,  we  may  find  as  many  as  three 
tendons  from  this  muscle.* 

The  Posterior  Annular  Ligament. — ^Throughout  the  series 
of  dissections  this  strong  ligament  had  the  same  number  of 
s3ntiovial  compartments  and  transmitted  the  same  groups  of 
tendons  as  in  Man,  and  it  presented  no  features  requiring 
special  mention. 

Intrinsic  Muscles  of  the  Hand. — This  term  includes  those 
muscles  which  are  left  after  the  flexors,  extensors,  and  lumbri- 
cales  are  removed.  They  consist  of  groups  of  muscles  which 
fulfil  the  functions  of  adductors,  abductors,  and  short  flexoi's  of 
the  various  digits. 

^  Champneys,  loc.  eU,  '  Cunningham,  loc.  eU. 
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AbdiLctor  PoUicis  (Brevis). — In  its  general  arrangement  this 
mnscle  was  similar  throughout  the  series.  In  the  Gorilla  and 
Orang  the  muscle  had  no  direct  attachment  to  the  carpal  bones, 
its  origin  being  from  the  radial  aspect  of  the  upper  part  of  the 
palmar  surface  of  the  anterior  annular  ligament,  but  in  the 
Gibbon  and  Chimpanzee  it  received  in  addition  fibres  of  origin 
from  the  scaphoid  and  the  sesamoid  bone  (prepoUex).  As 
regards  its  insertion,  in  all  it  was  attached  to  the  radial  side  of 
the  base  of  the  1st  phalanx  of  the  poUex.  In  addition,  in  the 
Chimpanzee  it  gave  a  prolongation  to  the  base  of  the  terminal 
phalanx,  and  in  the  Gibbon  it  was  attached  to  the  head  of  the 
1st  metacarpal  bone. 

Opponens  PoUida, — ^In  the  Gibbon  this  muscle  differed 
somewhat  from  the  others  by  reason  of  its  projecting  towards 
the  palm  between  the  heads  of  the  flexor  brevis  pollicis.  In 
the  other  animals  its  position  was  the  usual  one,  under  cover  of 
the  abductor  pollicis  to  a  greater  or  less  extent.  The  insertion 
closely  corresponded  with  the  condition  found  in  Man,  except  in 
the  Gibbon,  where,  in  addition  to  the  metacarpal  insertion,  slips 
were  sent  forward  to  the  radial  side  of  the  bases  of  the  1st  and 
2Qd  phalanges. 

Adductor  Pollicis  Tranaveraua, — In  every  instance  this 
muscle  was  intimately  associated  with  a  fibrous  aponeurosis 
and  septum,  which  ran  distally  from  the  base  of  the  middle 
metacarpal  bone.  In  all  of  the  dissections  there  was  a  decided 
tendency  for  the  muscle  to  become  fasciculated,  and  in  conse- 
quence each  muscle  in  the  series  presented  proximal  and  distal 
segments  easily  separable  from  each  other.  In  the  Gorilla  the 
distal  portion  of  the  muscle  had  fibres  of  origin  from  the  palmar 
surface  of  the  distal  third  of  the  shaft  of  the  2nd  metacarpal 
bone,  while  the  proximal  portion  arose  from  the  palmar  aspect 
of  the  proximal  half  of  the  3rd  metacarpal  bone.  From  such  a 
wide  origin  there  was  naturally  considerable  convergence  of  the 
fibres  as  they  passed  outwards  to  their  insertion.  In  the 
Gorilla,  Chimpanizee,  and  Orang,  the  insertion  was  into  the 
ulnar  side  of  the  base  of  the  1st  phalanx  of  the  pollex.  So  it 
was  in  the  Gibbon,  but  in  this  animal  there  was  no  definite  line 
of  demarcation  between  this  muscle  and  adductor  pollicis 
obliquus,  and  so  in  addition  it  was  inserted  into  the  distal  two« 
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thirds  of  the  ulnar  border  of  the  Ist  metacarpal  bone.  Befer- 
ence  will  again  be  made  to  this  additional  insertion  when 
discussing  the  homologies  of  the  muscles  of  the  foot. 

Adductor  PoUids  Ohliquus, — Until  recently,  in  descriptive 
human  anatomy,  this  muscle  was  regarded  as  the  inner  or  ulnar 
head  of  the  flexor  brevis  poUicis,  but  the  condition  in  which  it 
is  presented  in  the  hands  of  the  Apes  greatly  facilitates  a  proper 
conception  of  its  nature.  In  the  Gibbon,  as  we  have  already 
seen,  there  was  no  definite  line  of  demarcation  between  the 
oblique  and  transverse  segments  of  the  adductor  muscle,  never^ 
theless  the  oblique  portion  arose  from  the  palmar  aspect  of  the 
base  of  the  2nd  metacarpal  bone  and  from  the  tendon  of  inser- 
tion of  the  flexor  carpi  radialis  muscle,  in  close  proximity  to 
the  carpus.  The  muscle  is  here  presented  in  its  simplest  con- 
dition. In  the  Gorilla,  Chimpanzee,  and  Orang,  the  adductor 
poUicis  obliquus  was  distinctly  separated  from  adductor  poUicis 
transversus,  but  whereas  in  the  Orang  it  did  not  extend  any 
nearer  to  the  carpus  than  the  corresponding  part  of  the  adductor 
muscle  of  the  Gibbon,  in  the  Gorilla  it  arose  from  the  front  of 
the  carpus  in  the  region  of  the  os  magnum,  and  in  the  Chim- 
panzee from  the  aponeurosis  covering  the  base  of  the  3rd 
metacarpal  bone,  from  the  radial  side  of  the  os  magnum,  and 
from  the  sheath  of  the  tendon  of  the  flexor  carpi  radialis.  In 
all  this  we  see  its  close  similarity  to  the  corresponding  muscle 
in  Man,  and  moreover  we  may  trace  its  tendency  to  move 
proximalwards  and  radiad,  so  that  ultimately  it  assumes  a 
position  which  led  to  its  being  mistaken  for  the  inner  head  of 
the  flexor  brevis  poUicis,  an  error  which  occurred  all  the  more 
readily  as,  in  presence  of  this  actively  developing  muscle,  the 
true  inner  head  of  the  short  flexor  of  the  thumb  was  liable  to 
be  diminished  in  size  or  crowded  out  of  existence. 

The  insertion  of  this  muscle  was  fairly  constant  in  all  the 
Apes,  being  in  association  with  the  oblique  adductor. 

The  writings  of  Cunningham,^  BischofF,*  and  Halford  *  have 
taught  us  to  regard  the  adductor  pollicis  (oblique  and  transverse) 

^  Cunningham,  Jcur.  AncU,  and  Phys.,  1878. 

'  BeUrdge  zur  AncUorwU  des  HylobcUes  leudseus,  Miinchen,  1870  ;  BeUroge  zwr 
AncUomie  des  Oorilla^  Miinchen,  1879. 
•  Lines  of  Demarcation  between  Man,  Oorilla,  and  Macaque^  Melbonme,  1864. 
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as  one  of  a  special  group  of  adductors,  to  which  Professor 
Halford  applied  the  name  of  "  contrahentes  digitorum/'  a  name 
which  has  been  generally  adopted.  Considering  the  muscle 
just  described  as  one  member  of  this  series,  there  remain  others, 
which  are  also  adductors,  towards  the  median  line  of  the  hand. 
In  the  Gorilla  and  Orang  no  other  contrahentes  were  seen  (figs. 
4  and  6),  although  in  the  latter  animal  the  palmar  interossei 
— ^which  are  also  adductors — received  fibres  of  origin  from  the 
deep  aspect  of  the  aponeurosis,  with  which  the  adductor  pollicis 
was  associated.  In  the  Chimpanzee,  on  the  other  hand,  there 
were  two  small  muscles  belonging  to  this  group  (fig.  5).  These 
arose  firom  the  ulnar  aspect  of  the  median  septum  and  apo- 
neurosis, and  were  inserted  so  as  to  act  as  adductors  of  the 
annularis  and  minimus.  In  the  Gibbon,  the  number  of  contra- 
hentes was  four,  and  they  acted  as  adductors  of  the  pollex, 
index,  annularis,  and  minimus  respectively  (fig.  3). 

Flexor  Brevis  Pollicis. — A  mere  glance  is  sufiicient  to  satisfy 
us  that  in  each  of  the  Apes,  as  in  Man,  this  muscle  in  its 
primitive  form  possessed  two  heads — an  outer  or  radial,  an 
inner  or  ulnar.  Moreover,  in  the  Orang  the  nerve-supply  of 
these  two  heads  agreed  with  what  is  found  in  Man,  but  was 
different  in  the  case  of  the  Gibbon.  That  is  to  say,  in  the 
Orang  the  radial  head  received  the  median  nerve,  while  the 
ulnar  head  was  supplied  by  the  deep  branch  of  the  ulnar  nerv3; 
but  the  Gibbon  presented  an  exception  to  this  rule,  for  in  it 
both  heads  of  the  muscle  were  supplied  by  branches  from  the 
median  nerve.  Bearing  in  mind  therefore  the  strong  support 
that  nerve-supply  affords  as  a  key  to  muscle  homologies — a 
proof,  however,  which  I  am  by  no  means  disposed  to  regard  as 
absolute — we  are  bound  to  make  a  closer  scrutiny  of  the  so- 
called  inner  head  of  the  flexor  brevis  pollicis,  and  it  is  certainly 
somewhat  remarkable  that  an  examination  of  the  four  animals 
under  consideration  should  throw  so  much  light  on  this  point. 

In  the  Gibbon  the  inner  or  ulnar  head  arose  deeply  in  the 
palm  from  the  ligamentous  structures  in  the  vicinity  of  the 
trapezium  and  from  the  bases  of  the  1st  and  2nd  metacarpal 
bones.  The  muscle  lay  in  close  contact  with  the  shaft  of  the 
metacarpal  bone  of  the  thumb  and  was  inserted  in  conjunction 
with  the  adductor  pollicis. 
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In  the  Orang  a  slender  muscular  slip,  which  at  one  time 
would  have  been  described  as  a  middle  head  to  the  flexor  brevis 
poUicis,  was  found.  This  was  a  perfectly  distinct  but  slender 
piece  of  muscle  placed  in  relation  to  the  ulnar  border  of  the 
shaft  of  the  Isfc  metacarpal  bone,  from  which  it  arose — an 
interosseous  primus  volaris  of  Henle,  or  inner  head  of  flexor 
brevis  pollicis.  The  insertion  of  this  slip  was  in  conjunction 
with  the  adductor  muscles. 

In  the  Chimpanzee,  instead  of  a  muscular  slip,  there  was  a 
fibrous  band  in  the  position  of  the  inner  head,  while  in  the 
Gorilla  even  this  fibrous  band  had  disappeared. 

Reducing  these  facts  to  a  tabular  form,  they  at  once  become 
quite  clear. 


Gorilla. 

Chlmp. 

Onuig. 

Gibbon. 

Flexor  brevis  poUicia — (outer  head), 

X 

X 

X 

X 

Flexor  brevis  pollicis — (inner  head) — 
{Interosseous  primi  volaris),  • 

0 

r\idi- 
menlary. 

X 

X 

Adductor  pollicis  obliquus,  - 

z 

X 

X 

0 

Adductor  pollicis  transversus. 

X 

X 

X 

X 

Such  a  table  shows  us  that  in  the  Qibbon  we  find  the  original 
condition  of  parts.  In  it  the  flexor  brevis  pollicis  possesses  a 
true  inner  head,  i.e.,  interosseous  primus  volaris,  and  the 
adductor  pollicis  has  not  yet  segmented  sufficiently  to  produce 
an  adductor  obliquus  pollicis  or  spurious  inner  head  for  the 
short  flexor.  But  the  tendency  is  for  the  proximal  part  of  the 
adductor  pollicis  to  separate  itself  from  the  rest  of  the  muscle, 
and  move  radiad  as  the  spurious  inner  head  of  the  short  flexor, 
in  reality,  adductor  obliquus  pollicis.  This  condition  is  well 
seen  in  the  Orang,  and  as  a  consequence  of  the  increase  of  this 
spurious  inner  head,  the  true  inner  head  has  become  reduced  in 
size  and  pressed  into  a  deeper  position.  A  fiirther  stage  of  the 
same  process  may  be  seen  in  the  Chimpanzee,  in  which  the 
spurious  inner  head  has  still  further  reduced  the  true  head 
until  it  is  merely  represented  by  fibrous  tissue.  Finally,  in  the 
Gorilla  we  have  the  completed  process,  and  the  result  is  that 


THE  MUSCLES  AND  NERVES  OF  ANTHROPOID  APES.      173 

the  true  inner  head  has  entirely  disappeared,  unable  to  resist 
the  developmental  activity  of  the  spurious  inner  head. 

Turning  now  to  the  question  of  nerve-supply,  the  Gibbon 
again  gives  us  the  original  condition,  viz.,  the  supply  of  both 
heads  of  the  flexor  brevis  poUicis  by  the  median  nerve,  and  the 
supply  of  the  adductor  pollicis  (obliquus  et  transversus)  by  the 
deep  branch  of  the  ulnar  nerve.  In  the  Orang,  however,  we 
find  that  the  true  inner  head  of  flexor  brevis  pollicis — ^interos- 
seous primus  volaris — is  also  supplied  by  the  ulnar  nerve,  and 
this  must  be  explained.  Brooks  ^  has  dealt  with  this  subject  in 
a  special  paper,  and  I  agree  with  him  in  considering  that  as  the 
true  inner  head  becomes  reduced  in  size  by  the  advancing 
spurious  head  (adductor  obliquus  pollicis),  so  in  like  manner 
the  median  nerve  is  displaced  by  the  greater  activity  of  the 
ulnar  nerve.  Not  only  so,  but  in  Man  we  occasionally  find  the 
ulnar  nerve  in  the  substance  of  the  outer  head  of  the  flexor  brevis 
pollicis.  This  was  the  case  in  a  subject  dissected  for  demonstra- 
tion purposes  in  the  University  Anatomy  Department  during 
the  past  winter  session.  A  probable  explanation  of  such  a 
condition  is,  that  the  true  inner  head  of  the  flexor  brevis  pollicis 
is  not  only  a  meeting-point  for  the  median  and  ulnar  nerves, 
from  which  the  median  nerve  is  ultimately  displaced ;  but 
it  may  also  act  as  a  bridge  across  which  the  ulnar  nerve 
may  travel  to  reach  the  outer  head  of  the  short  flexor  of  the 
pollex. 

Abductor  Minimi  Digiti. — In  all  the  animals  this  muscle 
was  present  in  a  well-developed  state,  and  it  possessed  the  same 
attachments  as  are  characteristic  of  the  corresponding  muscle 
in  Man.  Commencing  at  the  pisiform  bone,  it  lay  along  the 
ulnar  border  of  the  palm,  and  was  inserted  into  the  ulnar  aspect 
of  the  base  of  the  Ist  phalanx  of  the  little  finger,  closely  blended 
with  the  insertion  of  flexor  brevis  minimi  digiti. 

Flexor  Brevis  Minimi  Digiti. — As  in  Man,  this  muscle 
possessed  only  a  single  head  of  origin,  which  was  attached  to 
the  anterior  annular  ligament  and  the  hook  of  the  unciform 
bone.  This  arrangement  was  constant  throughout  the  series. 
The  muscle  was  inserted  in  common  with  the  abductor  minimi 

^  Brooks,  Jour.  AruU.  and  Phys.,  vol.  xz.,  1882. 
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digiti,  but  in  addition  the  Gibbon  showed  a  tendinous  prolonga^ 
tioD,  which  was  sent  forwards  to  be  inserted  into  the  fibrous 
structures  at  the  distal  extremity  of  the  1st  phalanx. 

OpponcTis  Minimi  Digiti, — In  each  of  the  animals  the  origin 
of  this  muscle  was  similar,  viz.,  from  the  unciform  process  of  the 
unciform  bone  and  from  the  anterior  annular  ligament.  Cross- 
ing obliquely  inwards,  it  was  inserted  into  the  ulnar  border  of 
the  shaft  of  the  5th  metacarpal  bone«  In  each  case  its  origin 
was  closely  blended  with  that  of  the  flexor  brevis  minimi  digiti, 
and  together  they  lay  superficial  to  the  deep  ulnar  nerve  and 
vessels. 

Interoaaei, — ^This  important  group  of  muscles  fulfils  the 
functions  of  adductors  and  abductors  of  the  digits.  In  each  of 
the  animals  the  line  of  adduction  and  abduction  was  the  same 
as  in  Man,  viz.,  the  middle  digit  Throughout  the  series  the 
main  features  of  the  arrangement  which  prevails  in  Man  held 
good  here.  The  mesial  plane  of  the  haod  was  the  same ;  the 
muscles  divided  themselves  into  two  groups — ^an  abductor  or 
dorsal  group,  an  adductor  or  palmar  group.  Each  muscle  of 
the  former  set  arose  by  two  heads  of  origin ;  each  muscle  of  the 
latter  set  had  a  single  head  of  origin.  Thus,  in  all  of  the 
animals,  there  were  four  dorsal  interosseous  muscles  and  three 
palmar  ones.  In  addition  to  these  features,  which  were  common 
throughout  the  series,  the  Chimpanzee  presented  some  points 
of  peculiarity.  Viewed  from  the  dorsum  of  the  hand,  its  dorsal 
interossei  were  the  same  as  in  the  other  animals,  but  looked  at 
from  the  palm,  there  were  not  only  the  usual  three  palmar 
interosseous  muscles  performing  the  function  of  adductors, 
but  in  addition  there  were  other  three  muscles,  distinct  fix)m 
the  dorsal  interossei,  performing  the  function  of  abductor& 
Champneys^  has  described  these  as  palmar  interossei,  thus 
bringing  up  the  number  to  six  in  the  Chimpanzee.  In  my 
detailed  description  of  these  muscles'  I  have  also  included 
them  in  this  group  for  descriptive  purposes,  and  because  they 
appear  entirely  on  the  palmar  aspect,  but  I  doubt  whether  they 
should  be  so  regarded.  The  six  palmar  interosseous  muscles 
are  arranged  in  pairs — one  pair  in  each  of  the  three  inner 

^  Loc.  ciU  '  Thesia,  in  Library  of  UiuTersity  of  Edinburgh. 
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interosseous  or  inter-metacarpal  spaces.     Applying  to  each  a 
numerical  name,  we  may  schematically  arrange  them  thus : — 


1. 


2. 


3. 


5. 


M.L 


M.  11. 


M.  III. 


M.  IV. 


M.  V. 


In  this  way  we  see  quite  clearly  that  1,  4,  and  6  are  the  usual 
palmar  interossei ;  while  2, 3,  and  5  are  the  additional  muscular 
slips.  Each  of  these  additional  muscles  has  fibres  of  origin 
from  both  of  the  metacarpal  bones  between  which  it  is  placed. 
Thus  No.  2  arises  from  the  radial  side  of  the  metacarpal  III. 
and  slightly  Jtom  the  ulnar  side  of  metacarpal  II. ;  No.  3  arises 
from  the  ulnar  side  of  metacarpal  III.  and  slightly  firom  the 
radial  side  of  metacarpal  IV. ;  No.  5  arises  from  the  ulnar  side 
of  metacarpal  IV.  and  slightly  from  the  radial  side  of  meta- 
carpal V. 

But  not  only  do  they  resemble  dorsal  interossei  in  their  two- 
headed  origin ;  their  insertions  also  place  them  in  harmony 
with  the  dorsal  muscles;  for  No.  2  is  inserted  with  dorsal 
interosseous  11. ;  No.  3  is  inserted  with  dorsal  interosseous  IIL; 
and  No.  5  is  inserted  with  dorsal  interosseous  IV.  I  think  that 
additional  confirmation  of  this  view  may  be  obtained  from 
Professor  Cunningham's  ^  description  of  the  dorsal  interosseous 
muscles  of  Thylacinua  cynocepkcdus.  After  describing  the 
dorsal  interossei  as  seen  from  the  dorsal  aspect,  he  says : — 

"  If  we  examine  them  upon  their  palmar  surfaces  after  the 
removal  of  the  palmar  and  intermediate  muscles,  we  find  an 
accessory  slip  in  connection  with  each  of  the  three  ulnar  muscles 
....  Two  arise  from  the  base  of  the  middle  metacarpal  bone 
— one  on  each  side  of  it — and  they  are  inserted  one  into  each 
side  of  the  base  of  the  1st  phalanx  of  the  same  finger.  The 
third  slip  arises  from  the  base  of  the  metetcarpal  of  the  ring 
fioger,  and  is  inserted  into  the  ulnar  side  of  the  base  of  the 
corresponding  phalanx." 

These  three  accessory  slips  which  Cunningham  found  in 
Thylacine,  and  which  he  regards  as  undoubtedly  belonging  to 
the  dorsal  interossei,  seem   to  me  identical  with  the   three 


CanDingham,  loe,  eil. 
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additional  muscles  which  appear  in  the  palm  of  the  Chimpanzee. 
I  am  therefore  of  opinion  that  instead  of  describing  them  as 
the  2nd,  the  3rd,  and  the  5th  palmar  interossei,  it  would  be 
more  accurate  to  regard  them  as  accessory  slips  to  the  2nd,  3rd, 
and  4th  dorsal  interossei,  for  not  only  does  their  function  place 
them  in  this  group,  but  the  double-headed  nature  of  their 
origins  and  their  arrangement  in  Thylacine  also  point  to  the 
dorsal  group  as  their  true  position. 

On  the  other  hand,  we  may  regard  the  typical  manus  as 
presenting  three  layers  of  intrinsic  muscles,  viz.,  an  adductor 
stratum  (contrahentes);  an  abductor  stratum  (dorsal  interossei); 
and  an  intermediate  stratum,  consisting  of  short  flexors  of  the 
digits,  each  of  which  possesses  two  heada  In  the  hand  of  Man 
and  of  the  Apes,  the  abductor  stratum  presents  the  same  general 
features,  but,  with  the  exception  of  the  Gibbon  and  Chimpanzee, 
the  adductor  stratum  is  so  modified  that  only  the  adductor  muscles 
of  the  pollex  remain.  With  regard  to  the  intermediate  stratum 
— the  short  flexors — various  modifications  have  resulted  in  the 
disappearance  of  certain  of  these  muscles  and  in  the  persistence 
of  others  which,  in  Man  and  the  Apes,  are  described  as  the 
palmar  interossei.  Now,  the  three  additional  interossei,  seen 
in  the  palm  of  the  Chimpanzee,  occupy  positions  which  entitle 
them  to  be  ranked  among  the  short  flexors  of  theii*  respective 
digits  in  a  typical  hand. 

Fcdmaria  Brevis, — Notwithstandiog  that  in  every  case  the 
dissections  were  conducted  with  the  utmost  care,  no  trace  of 
this  muscle  could  be  found  in  any  of  the  animals  examined. 

The  Palmar  Fascia  had  the  same  general  arrangement  as  in 
Man.  Its  central  triangular  portion  was  always  a  well-marked 
feature,  and  from  the  deep  surface  of  this  portion,  very  strong 
septa  sank  into  the  palm,  so  that  the  long  flexor  tendons  very 
soon  became  confined  in  tunnel-like  grooves.  On  the  flexor 
aspects  of  the  digits  the  usual  flexor  sheath  was  present  and 
lined  by  a  synovial  membrane.  Similarly  the  tendons  passing 
from  the  forearm  into  the  palm  beneath  the  anterior  annular 
ligament  were  surrounded  by  the  loose  folds  of  a  synovial 
membrane.  The  anterior  annular  ligament  was  a  strong  fibrous 
arch,  having  the  usual  attachments  to  the  outer  and  inner  ends 
of  the  series  of  carpal  bone& 
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The  Nerves  of  the  Superior  Extremity. 

For  the  reasoos  previously  noted,  I  was  not  able  to  examine 
the  brachial  plexus  of  the  Gibbon,  but  in  all  the  other  Apes 
this  plexus  was  formed  by  the  anterior  primary  divisions  of  the 
lower  four  cervical  nerves  and  by  the  anterior  primary  division 
of  the  1st  dorsal  nerve.  In  all  there  was  a  loop  of  communica- 
tion from  the  anterior  primary  division  of  the  4th  cervical 
nerva  The  formation  of  the  plexus  was  in  every  case  closely 
akin  to  that  of  Man,  resulting  in  the  production  of  three 
principal  cords.  That  of  the  Orang  (fig.  3)  most  nearly 
resembled  the  human  plexus,  while  that  of  the  Chimpanzee 
(fig.  2)  was  somewhat  simpler,  and  that  of  the  Gorilla  (fig.  1) 
rather  more  broken  up,  especially  as  regards  the  roots  of  the 
outer  cord.  My  dissection  closely  corresponded  with  the  figure 
given  by  Eisler  ^  in  his  description  of  the  vessels  and  nerves  of 
the  Gorilla. 

The  branches  from  the  brachial  plexus,  both  supra-clavicular 
and  infra-clavicular,  were  nearly  identical  with  those  of  Man. 
The  individual  nerves  were  wonderfully  similar  to  those  of  Man 
in  regard  to  the  details  of  their  distribution. 

The  nerve  for  the  rhomboid  muscle  was  given  oiSF  by  the  4th 
cervical  nerve  in  the  cases  of  the  Gorilla  and  Chimpanzee,*  but 
in  the  Orang  it  arose  from  the  posterior  aspect  of  the  5th 
cervical  nerve. 

Unfortunately  the  nerve  to  the  subclavius  muscle  was  not 
found  in  the  Orang,  but  in  the  Gorilla  and  Chimpanzee  it 
arose  from  the  junction  of  the  anterior  branches  of  the  5th  and 
6th  cervical  nerves.  Kohlbriigge*  found  this  nerve  arising 
from  the  6th  cervical  nerve  in  the  Gibbon. 

The  phrenic  nerve  received  a  small  root  from  the  5  th  cervical 
nerve  in  the  Gorilla  and  Chimpanzee.  In  the  Gorilla  this 
branch  passed  downwards  and  inwards  to  reach  the  anterior 
aspect  of  the  scalenus  anticus  muscle,  where  it  united  with  the 
phrenic  nerve  close  behind  the  subclavian  vein.. 

The  Posterior  Thoracic  Nerve — nerve  to  serratus  magnus 

^  EUler.    Das  Gefass  and  Periphere-NervenByBtem  dee  Gorilla.    1890. 
'  Loc  cU,    Champneys.  '  Loe,  cU. 
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muscle — had  the  same  direction  and  distribution  as  in  Man, 
and  arose  in  the  Gorilla  from  C.  Y.  and  VL ;  in  the  Orang  from 
C.  V.  and  VL ;  in  the  Chimpanzee  from  C.  IV.  V.  and  VL 

The  SupraacapvZar  Nerve  in  the  Gorilla  differed  in  its  origin 
from  that  of  the  Chimpanzee  and  Orang.  In  the  Gorilla  it 
sprang  from  C.  IV.  and  V.  before  the  junction  of  the  latter 
nerve  with  C.  VL,  and  so  it  was  also  found  by  Eisler.^  In  the 
Chimpanzee  and  Orang  it  arose  from  C.  V.  and  VL  In  the 
Gibbon,  Kohlbriigge  ^  states  its  origin  from  C.  V.  As  regards 
its  distribution  it  corresponded  throughout  the  series  and  with 
the  same  nerve  in  Man.  It  supplied  muscular  branches  to  the 
supra-  and  infra-spinatus  muscles  and  an  articular  branch  to 
the  shoulder  joint.  Only  in  the  Gorilla  was  a  suprascapular 
ligament  found,  and  underneath  this  band  the  nerve  travelled 
to  enter  the  supra-spinous  fossa. 

Anterior  Thoracic  Nerves — external  and  internal. — ^In  the 
Gibbon,  Chimpanzee,  and  Orang,  these  nerves  arose  from  a 
common  trunk  which  descended  behind  the  clavicle  to  break 
up  for  the  supply  of  the  two  pectoral  muscles.  In  the  Gorilla, 
on  the  other  hand,  the  two  nerves  were  always  distinct ;  the 
tipper  or  external  arising  from  C.  VI.  and  VIL,  the  lower  or 
internal  from  C.  VIL  and  the  inner  root  of  the  median  nerve. 
In  the  Gorilla  and  Gibbon  it  was  clearly  seen  that  the  one  which 
pierced  the  pectoralis  minor  ended  in  the  sternal  origin  of  the 
pectoralis  major,  whereas  the  upper  of  the  two  nerves  (which 
did  not  pierce  the  pectoralis  minor)  was  entirely  distributed  to 
the  upper  or  clavicular  origin  of  the  pectoralis  major. 

The  StibscapvZar  Nerves  varied  in  number  from  thi'ee  to  five. 
They  all  arose  from  the  posterior  cord  of  the  brachial  plexus, 
and  they  supplied  the  usual  muscular  branchea  It  is  of 
interest  to  note  that  the  nerve  for  the  teres  major — which  is 
a  subscapular  nerve — arose  in  the  Gorilla  from  the  circumflex 
nerve,  which  gave  ofiF  two  branches,  one  entirely  distributed  to 
the  subscapularis  muscle,  and  the  other  partly  to  this  muscle  but 
chiefly  to  the  teres  major  as  just  mentioned.  A  somewhat  similar 
arrangement  is  occasionally  found  in  the  human  subject* 

^  Loc.  cit,  ■  Loc.  cU, 

•  W.  Turner  in  Natural  Hialory  Review^  1864,  and  Journal  ofAnai,  and  Phys,, 
vol.  vi.  p.  104,  1872. 
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Circumfiex  Nerve, — This  nerve  had  the  same  general  course 
and  distribution  as  in  Man,  and  it  was  similar  throughout  the 
series  of  animal&  It  gave  off  its  branches  to  the  same  parts  as 
in  Man,  but  no  ganglionic  swelling  could  be  distinguished  on 
the  branch  to  the  teres  minor.  In  the  Gibbon  its  exterual 
cutaneous  branch  ran  downwards  through  the  substance  of  the 
deltoid  muscle  and  appeared  at  the  lower  part  of  the  insertion 
of  this  muscle  to  be  distributed  cutaneously  as  low  as  the 
external  condyle  of  the  humerua  A  branch  with  a  somewhat 
similar  distribution  was  fouud  in  the  Chimpanzee,  only  it  pierced 
the  external  head  of  the  triceps  instead  of  the  deltoid. 

MvscvlO'Spiral  Nerve. — In  all  the  animals  this  was  a  large 
nerve,  the  origin,  course,  and  distribution  of  which  closely 
corresponded  throughout  the  series  and  with  the  same  nerve  in 
Man,  that  is,  it  supplied  branches  to  the  triceps  anconeus, 
supiaator  longus,  and  extensor  carpi  radialis  longior  muscles, 
besides  cutaneous  and  articular  branches.  Wherever  the 
latissimo-condyloideus  muscle  was  present,  it  derived  its  nerve- 
supply  from  this  trunk,  showing  that  the  latissimo-condyloideus 
must  be  considered  as  a  portion  of  the  triceps,  although  it  takes 
origin  from  the  tendon  of  the  latissimus  dorsi. 

Only  in  the  Gorilla  were  slander  filaments  of  this  nerve  found 
entering  the  external  aspect  of  the  brachialis  anticus  muscle. 

In  every  instance  this  nerve  ended  by  dividing  into  radial  and 
posterior  interosseous  nervea 

The  radial  was  always  a  cutaneous  nerve  on  the  outer  aspect 
of  the  forearm,  and  extended  to  the  digits  on  their  dorsal 
aspect.  The  amount  of  digital  supply  which  the  radial  nerve 
provided  depended  on  the  point  of  termination  of  the  posterior 
interosseous  nerve.  In  the  Gorilla  the  radial  nerve  and  the 
dorsal  branches  of  the  ulnar  nerve  shared  the  cutaneous  supply 
of  the  digits  equally — two  and  a  half  digits  each.  In  the 
Chimpanzee  the  radial  nerve  supplied  both  sides  of  the  poUex 
and  the  radial  side  of  the  index,  while  the  posterior  interosseous 
nerve  supplied  contiguous  sides  of  the  index  and  medius,  and 
thus  between  them  they  overtook  the  supply  of  two  and  a  half 
digita  In  the  Gibbon,  the  radial  nerve  supplied  both  sides  of 
the  poUex  and  the  radial  side  of  the  index,  while  the  posterior 
interosseous  nerve  supplied  contiguous  sides  of  the  index  and 
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medius   aad  contiguous  sides  of  the   medius  and   annularies. 
Thus  between  them  they  supplied  three  and  a  half  digita 

Although  the  source  of  the  nerve-supply  of  skin  is  never  of  so 
much  importance  as  the  source  of  the  nerve-supply  of  muscles, 
it  is  interesting  to  see  that  the  radial  and  posterior  interosseous 
nerves  can  take  up  between  them  the  same  amount  of  cutaneous 
nerve-supply  as  may  be  associated  with  the  radial  alone  in  the 
case  of  Man,  especially  when  we  remember  that  both  of  these 
nerves  are  derivatives  of  the  same  nerve  trunk,  viz.,  musculo-spiral. 
We  may  therefore  conclude  that  although  at  first  the  posterior 
interosseous  nerve  is  a  mixture  of  motor  and  sensory  fibres,  yet 
the  tendency  is  for  this  nerve  to  become  more  fully  specialised 
as  development  advances  and  greater  co-ordination  of  the 
muscles  of  the  hand  and  forearm  are  required,  and  consequently 
the  cutaneous  nerve  fibres  become  more  confined  to  the  radial 
nerve. 

The  posterior  interosseous  nerve  supplied  the  same  series  of 
muscles  as  in  Man,  except  in  the  QibboD,  where  a  slender 
filament  quite  distinctly  passed  forwards  and  pierced  the  inter- 
osseous membrane,  to  end  in  the  deep  surface  of  the  pronator 
quadratus.     In  my  dissection  there  was  no  other  source  of  nerve* 
supply  for  this  muscle,  and  of  the  identity  of  the  muscle  there 
could  be  no  doubt.    It  is  possible  that  this  source  of  nerve-supply 
?ras  abnormal  even  in  the  Qibbon,  but  it  shows  that  absolute 
dependence  is  not  to  be  placed  on  nerve-supply  as  an  infallible 
guide  to  muscle  homology.     There  was  one  point  in  connection 
with  the  posterior  interosseous  nerve  of  the  Chimpanzee  which 
deserves  special  mention,  because  it  afforded  some  explanation 
of  the  position  of  this  nerve  as  we  find  it  in  Man,  embedded  in 
the  substance  of  the  supinator  brevis  muscle.     As  the  nerve 
passed  from  the  anterior  to  the  posterior  aspect  of  the  forearm 
it  was  never  altogether  hidden  from  view,  being  merely  covered 
by  a  veiy  thin  aponeurotic  fascia  on  the  surface  of  the  supinator 
brevis,  and  it  can  readily  be  understood  how  an  increase  in  the 
size  of  the  muscle  and  in  the  number  of  its  fibres  taking  origin 
from  this  investing  fascia  would  cause  a  submergence  of  the 
nerve  and  produce  the  characteristic  appearance  of  the  nerve 
piercing  the  muscle. 
MuscidO'CutaTieovs  Nerve. — As  its  name  indicates,  this  was  a 

VOL.  XXVI.  (N.S.  VOL.  VI.)  N 
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mixed  nerve,  since  it  provided  motor  branches  to  certain  muscles 
and  terminated  cutaneously.  The  muscles  ivhich  it  supplied 
were  those  usually  seen  in  Man.  It  is  interesting  to  note  that 
the  branches  for  the  coracobrachialis  medius  and  longus  arose 
separately  in  the  Chimpanzee,  and  moreover  the  brauch  for  the 
lower  muscle  arose  first  In  the  Gibbon,  the  musculo- 
cutaneous nerve  was  not  so  distinctly  isolated  as  in  the  other 
animala  After  supplying  a  twig  to  the  coracobrachialis  it  then 
gave  filaments  to  the  biceps  and  continued  its  course  on  the 
brachialis  anticuj.  While  lying  on  that  muscle  it  sent  twigs  of 
communication  to  the  iilnar  nerve  and  terminated  in  a  long 
slender  continuation  as  its  cutaneous  termination.  In  all  the 
animals  these  cutaneous  branches  were  distributed  on  the  outer 
aspect  of  the  forearm,  extending  as  far  as  the  wrist  and  ball  of 
the  thumb. 

Median  Nerve. — This  large  and  important  nerve  had  many 
points  of  similarity  with  its  fellows  throughout  the  series  of 
dissectiona  In  every  case  it  commenced  its  course  external  to 
the  axillary  and  brachial  arteries ;  in  all,  it  passed  subjacent  to 
the  brachial  artery  in  the  lower  part  of  the  arm — a  condition  of 
parts  which  has  been  seen  in  the  human  subject;  in  all,  it 
entered  the  forearm  between  the  superficial  and  deep  groups  of 
flexor  muscles ;  in  all,  it  was  responsible  for  the  same  general 
supply  of  muscles  and  skin.  But  there  were  points  of  difference 
to  be  observed  in  the  different  animals.  Thus,  in  the  Oorilla^ 
at  the  point  where  the  median  nerve  crossed  beneath  the 
brachial  artery,  viz.,  in  the  lower  third  of  the  upper  arm,  it  gave 
off  a  branch  which  was  joined  by  one  from  the  musculo* 
cutaneous  nerve,  and  together  they  entered  the  lower  part  of 
the  brachialis  anticus  muscle,  and  prabably  reached  the  elbow- 
joint  This  afforded  the  only  instance  of  a  branch  arising  from 
the  median  nerve  above  the  level  of  the  elbow-joint 

Again,  in  the  Gorilla,  Chimpanzee,  and  Gibbon,  distinct 
branches  of  communication  existed  between  the  median  and 
ulnar  nerves  as  these  main  trunks  lay  upon  the  deep  stratum 
of  muscles  in  the  forearm.  In  the  Chimpanzee  the  nerve 
formed  by  communicating  branches  from  median  and  ulnar 
gave  off  a  twig  for  the  ulnar  segment  of  the  deep  flexor  and 
then  joined  the  ulnar  nerve.     In  connection  with  the  study  of 
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the  gi-eat  deep  flexor  we  have  already  seen  that  the  uhiar 
segment  of  the  muscle  ultimately  provided  the  tendons  for  the 
three  inner  digits,  while  the  radial  or  humero-radial  segment 
provided  tendons  for  the  thumb  and  index  fingers.  The  nerve- 
supply  of  these  segments  is  most  interesting.  We  find  that 
the  radial  segment  is  always  supplied  entirely  from  the  median 
nerve,  either  directly,  or  indirectly  through  its  anterior  inter- 
osseous branch.  The  ulnar  segment,  on  the  other  hand, 
receives  nerve-supply  from  two  sources — (a)  the  median  or  its 
anterior  interosseous  branch  (sometimes  both,  as  in  the  Orang), 
and  (6)  the  ulnar  nerve.  Now,  a  careful  examination  shows 
that  the  portion  of  the  ulnar  segment  supplied  by  the  median 
nerve  is  readily  separable  from  the  rest  of  the  segment,  and  the 
tendon  which  the  part  in  question  provides  is  distributed  to  the 
mediiis  digit  Here,  then,  we  have  proof  that  this  deep  flexor 
stratum  cleaves  into  two  unequal  portions  so  far  as  nerve- 
supply  is  concerned,  and  muscular  substance  corresponding 
with  the  three  radial  tendons — (poUex,  index,  and  medius) — is 
supplied  by  the  median  nerve,  while  the  remainder  of  the 
muscle  for  annularis  and  minimus  is  supplied  by  the  ulnar 
nerve.  We  have  already  indicated  how  the  increased  develop- 
ment and  specialisation  of  that  portion  of  the  radial  segment, 
associated  with  the  poUex,  causes  the  remainder  of  the  radial 
segment  to  approximate  more  closely  to  the  ulnar  segment, 
until  ultimately  it  assumes  the  appearance  of  an  inherent  part 
thereof. 

The  following  scheme  will  serve  to  illustrate  the  transforma- 
tion and  the  homologies : — 


Deep  Stratum  of  Muscle. 

I 


Median  Nerve. 


Ulnar  Nerve. 


» 

Flexor  Longus  Pollicis. 


Flexor  Profundus  Digitorum. 


Coming  now  to  the  consideration  of  the  median  nerve  as 
distributed  in  the  palm  of  the  hand,  we  find  that  in  the  Gorilla 
aud  Orang  the  cutaneous  and  muscular  supply  were  exactly 
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the  same  as  in  Man.  In  the  Chimpanzee,  the  cutaneous  supply 
resembled  that  found  in  Man ;  but  in  regard  to  the  supply  of 
muscles,  it  had  the  3rd  lumbrical  muscle  supplied  by  the 
median  nerve,  while  all  the  other  muscles  were  supplied  just  as 
in  Maa.  The  gi*eatest  variety,  however,  existed  in  the  Gibbon. 
In  it  the  median  nerve  merely  supplied  the  two  and  a  half 
radial  digits  with  digital  cutaneous  branches;  and  of  muscles,  it 
^supplied  the  two  outer  lumbricales,  the  abductor  poUicis 
(brevis),  the  opponens  poUicis,  and  both  heads  of  the  flexor 
brevis  poUicis,  the  latter  supply  being  very  distinct. 

As  already  indicated,  in  discussing  the  posterior  interosseous 
nerve,  there  was  no  trace  of  any  branch  from  the  anterior  inter- 
osseous (median)  to  the  pronator  quadratus  muscle  of  the 
Gibbon. 

Ulnar  Nerve, — This  nerve  commenced  its  course  external  to 
the  great  vessels  of  the  upper  aim,  and  crossed  them  super- 
ficially to  reach  the  inner  side  of  the  limb,  along  which  it 
descended  behind  the  internal  condyle  of  the  humerus  to  the 
interval  between  it  and  the  olecranon  process,  where  it  entered 
the  foreai-m  between  the  heads  of  the  flexor  carpi  ulnaris.     In 
.the  forearm  it  formed  communications  with  the  median  nerve 
,as  already  mentioned.     In  the  forearm  it  supplied  the  customary 
branches — articular,  muscular,  and  cutaneous.     On  entering  the 
,palm  superficial  to  the  anterior  annular  ligament,  it  distributed 
itself  exactly  as  in  Man  by  dividing  into  a  superficial  and  a  deep 
part.     The  superficial  part  provided  the  cutaneous  supply  left 
Ji)lank  by  the  median  nerve,  ix»^  one  and  a  half  digitsin  the  Gorilla, 
Chimpanzee,  and  Orang,  and  two  and  a  half  digits  in  the  case  of 
the  Gibbon.     From  the  deep  branch  twigs  were  supplied  to  all 
the  interossei  and  contrahentes  muscles  (including  the  adductor 
poUicis  obliquus  and  transversus)  to  the  two  inner  lumbricales 
of  the  Gibbon  and  Orang;   one  (the  inner)  lumbrical  of  the 
Chimpanzee ;  the  three  inner  lumbricales  of  the  Gorilla,  which 
had  therefore  a  double  nerve-supply  (median  and  ulnar)  for  the 
2nd  lumbrical  muscle.     We  must  also  note  that  the  inner  head 
of  the  flexor  brevis  poUicis  of  the  Orang  was  supplied  by  the 
:deep  branch  of  the  ulnar  nerve.     In  addition  to  these  palmar 
i)ranches,  the  ulnar  nerve  supplied  dorsal  cutaneous  branches, 
]prhich  were  distributed  to  the  back  of  the  foiC^arEn  in  itp.  lower 
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part,  and  to  those  parts  of  the  dorsum  of  the  hand  and  digits 
left  UQSupplied  by  the  radial  and  posterior  interosseous  nerves. 

In  each  animal  the  inner  cord,  i.e.,  the  lowest  part  of  the 
plexus,  supplied  internal  cutaneous  branches,  which  had  the 
usual  distribution  to  the  skin  of  the  inner  aspect  of  arm  and 
forearm. 

In  the  Chimpanzee  there  was  only  one  intercosto-humeral 
nerve,  and  that  emerged  from  the  second  intercostal  space ;  but 
ia  each  of  the  other  animals  (Qonlla,  Gibbon,  and  Orang)  lateral 
branches  emerged  from  the  1st  and  2nd  intercostal  spaces,  and 
descended  as  cutaneous  branches  to  the  skin  on  the  inner  side 
of  the  upper  arm,  usually  extending  almost  to  the  elbow-joint 

{To  be  continued.) 


[Explanation  of  Plate  III. 
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EXPLANATION  OF  PLATE  III. 

Fig.  1.  Badial  view  of  the  hand  and  lower  part  of  the  forearm 
of  the  Gibbon  (Hjlobates  1).     (The  index  digit  was  rudi- 

mentary, probably  owing  to  injury.)  a.pM,  abductor  poUicis  longus ; 
a.p.b,,  abductor  pollicis  brevis ;  e,p.b.y  extensor  poUicis  brevis ;  eJ.p,, 
extensor  pollicis  longus ;  ef.,  dorsal  interosseous  I. 

Fig.  2.  Radial  view  of  the  hand  and  lower  part  of  the  forearm 
of  the  Gorilla  (Gorilla  Savagei).  The  lettering  bears  the  same 
significance  as  in  Fig.  1. 

Fig.  3.  Palmar  surface  of  hand  of  Gibbon  (Hylobates  ?). 

Fig.  4.  Palmar  surface  of  hand  of  Orang-utan  (Simla  Satyrus). 

Fig.  5.  Palmar  surface  of  hand  of  Chimpanzee  (Anthropopithecus 
troglodytes). 

Fig.  6.  Palmar  surface  of  hand  of  Gorilla  (Gorilla  Savagei).  In 
each  of  these  figures  the  lettering  has  the  same  significance,  a./., 
anterior  annular  ligament;  n,ul.p,y  uluaris  profunda  nerve;  r., 
contrahentes ; /.Z.jp.,  flexor  longus  pollicis ; /.&./?.  (o),  outer  head  of 
flexor  brevis  pollicis ;  f.b.p,  (i),  inner  head  of  flexor  brevis  pollicis ; 
ad.p.j  adductor  pollicis  (tig.  3);  ad,ob»,  adductor  obliquus  pollicis; 
ad,tr,y  adductor  transversus  pollicis ;  ab,m.d,,  abductor  minimi  digiti ; 
f,b.m,d,y  flexor  brevis  minimi  digiti. 


EXPLANATION  OF  DIAGRAMS  IN  TEXT. 


Fig.  1.  Brachial  plexus  of  Gorilla. 


}) 


Fig.  2. 
Fig.  3. 

C.  iv.-viii. 

n.  I. 

mx. 

M. 

fn.8. 

Cx. 

U. 

ix, 

lAx, 

Ant.  Thar, 
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CONGENITAL  AND  SYMMETRICAL  PERFORATION 
OF  BOTH  PARIETAL  BONES.  By  D.  M.  Greig,  M.B., 
r.R.C.S.  Edin.,  DeTtwnairaUyr  of  Andtomy,  University 
College,  Dundee,  formerly  Surgeon  H.M.  Medical  Staff. 

The  features  which  render  the  following  case  of  interest  are, 
firstly,  the  presence  of  an  extremely  rare  congenital  abnormality ; 
and  secondiy,  the  success  with  which  the  patient  took  advan- 
tage of  the  abnormality  to  practise  malingering  while  serving 
in  Her  Majesty's  Army.  He  first  came  under  my  notice  while 
serving  in  India ;  and  subsequently,  after  my  retirement  from 
the  Army,  and  after  he  had  been  transferred  to  the  Army 
Reserve,  when  he  came  to  me,  as  I  had  requested  him  to  do, 
and  put  me  in  possession  of  the  true  facts  of  the  case. 

R.,  set.  25  years,  a  native  of  Scotland^  a  driver  in  the  Royal  Artil- 
lery, while  serving  in  the  Punjab  was  admitted  to  hospittd  in  June 
1889,  complaining  of  "headaches  on  the  vertex,  beating  in  the  eyes, 
and  giddiness  on  exertion." 

Clinical  History, — On  admission  be  gave  the  following  history : — 
He  stated  that  he  had  always  enjoyed  exceptionally  good  health,  had 
never  had  syphilis,  and  was  a  total  abstainer.  His  service  had 
extended  over  five  and  a  half  years,  four  and  a  half  of  which  had  been 
spent  in  India.  He  referred  the  commencement  of  his  illness  to  a 
fall  from  his  horse.  The  injury  did  not  produce  unconsciousness  nor 
necessitate  his  admission  to  hospital.  Later  on,  he  began  to  have 
pains  in  his  head,  often  accompanied  by  attacks  of  giddiness.  He 
stated  that  the  attacks  came  on  if  the  weather  was  very  hot  or  close, 
or  if  he  had  to  remain  in  one  position  for  a  long  time,  as  on  parade. 
An  attack  of  giddiness  began  with  beating  in  the  eyes,  accompanied 
by  flashes  of  light,  his  "  whole  head  swam,"  and  there  was  frequently 
ringing  in  the  ears. 

PhygiccU  Examination. — He  is  undersized,  slightly  microcephalic, 
and  has  somewhat  of  a  Mongolian  type  of  countenance.  On  passing 
the  hand  over  the  scalp,  a  marked  flatness  is  felt  in  both  parietal 
bones  a  little  in  front  of  the  lambdoidal  suture.  This  flatness  is  due 
to  the  presence  of  two  unossified  areas — one  in  each  parietal  bone — 
dose  to  its  posterior  superior  angle.  The  scalp  is  freely  movable 
over  these  areas,  and  the  pulsations  of  the  cerebral  vessels  can  be 
faintly  felt.  The  lambdoidal  suture  can  only  be  indistinctly  felt,  but 
is  evidently  normal.  The  sagittal  suture  is  intact,  and  forms  between 
the  perforations  a  narrow  bridge  about  2  cm.  wide.     Each  perfora- 
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tion  18  nearly  circular,  and  presents  a  regular,  smooth,  rounded 
margin,  there  being  no  thickening  of  the  surrounding  bone.  The 
right  perforation  measures  in  its  longest  diameter  3*6  cm.,  and  in  its 
shortest  diameter  2*7  cm.  The  left  perforation  measures  in  its  longest 
diameter  2 '5  cm.,  and  in  its  shortest  diameter  2*3  cm.  There  is 
slight  tenderness  on  pressure  over  both  areas^  especially  over  the 
tight  one. 

Furtlier  History, — After  having  spent  the  remainder  of  his  period  of 
service  in  India,  and  having  made  every  possible  use  of  his  abnor- 
mality to  avoid  the  performance  of  duty,  he  recently  returned  home 
"  time  expired,"  and  called  on  me  "  to  let  me  know  the  truth  about 
the  holes  in  his  head."  He  informed  me  that  on  the  iirst  morning 
on  which  he  went  to  hospital  his  headache  was  the  resalt  of  a  debauch 
over  nighty  and  that,  fearing  punishment,  he  drew  the  surgeon's 
attention  to  the  peculiar  formation  of  his  skull.  He  then  took  his 
cue  from  the  questions  put  to  him,  and  invented  the  story  I  have  just 
related. 

He  now  states  that  the  perforations  are  congenital,  and  have  always 
been  of  their  present  dimensions.  They  have  never  given  him  any 
trouble,  the  only  inconvenience  he  has  ever  experienced  from  them 
being  that,  on  firm  pressure  over  either  defective  area,  he  feels  pain 
in  his  head-  and  sees  flashes  of  light  in  both  eyes. 

Observations, — Apart  from  the  successful  malingering  which 
was  practised  for  nearly  three  years,  this  case  is  specially 
interesting  as  being  one  of  those  extremely  rare  examples  of 
congenital  and  symmetrical  perforation  of  both  parietal  bones, 
and  appears,  moreover,  to  be  the  first  authenticated  instance  in 
which  the  abnormality  has  been  detected  during  life.  I  have 
been  able  to  discover  only  three  other  recorded  examples  of  this 
rare  condition.^ 

The  first  of  these  examples  is  recorded  by  Professor  Sir 
William  Turner,  who  has  kindly  directed  my  attention  thereto. 
The  calvaria  was  obtained  by  Dr  T.  J.  Maclagan,  and  was 
figured  and  fully  described  by  Turner.*  It  was  that  of  an 
adult  female,  whose  death  had  occurred  after  operation  for 
excision  of  a  congenital  cystic  tumour  of  the  scalp,  situated  over 
the  external  occipital  protuberance.  There  were  present  three 
apertures  in  this  case — one  25  cm.  by  1"25  cm.  in  the  occipital 
bone  situated  in  the  middle  line,  and  just  above  the  external 

^  ArUhropologie,  P.  Topinard,  trauslated  into  English  by  Dr  R,  T.  H.  Bartley, 
1890,  p.  207;   also  Traiti  cC Anatomic  Humaint^  L.  Testut,  vol.  i.  p.  125. 

'  "  On  some  Congenital  Deformities  of  the  Human  Cranium,'*  Edin,  Med.  Jbftr,, 
July  1865,  p.  183.  (For  additional  cases  see  Wrany  in  Prager  Vitrteljahrsch^ 
2nd  part,  1866.— Editor.) 
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occipital  protuberance,  and  one  in  the  posterior  superior  part  of 
each  parietal  bone.  Each  of  these  parietal  openings  was  oval  in 
form  with  the  long  axis  running  transversely,  that  on  the  right 
measuring  2*1  cm.  by  1*4  cm.,  and  that  on  the  left  measuring 
1*4  cm.  by  1  cm.  Dr  Maclagan  states  that  in  the  recent  state 
each  opening  was  closed  in  by  «<  a  cribriform  plate  of  fibrous 
tissue."  The  following  peculiarities  were  noticed  in  relation  to 
these  apertures : — (1)  The  presence  of  a  suture  connecting  the 
aperture  in  the  left  parietal  bone  with  the  sagittal  suture ;  (2) 
the  presence  of  several  very  small  vascular  foramina  in  the  bridge 
of  bone  separating  the  two  apertures ;  (3)  the  deflection  of  the 
superior  longitudinal  sinu&  The  groove  for  the  superior  longi- 
tudinal sinus  occupied  its  normal  position  until  it  reached  the 
region  where  the  apertures  were  situated.  It  was  deflected 
from  the  middle  line  in  the  interval  between  the  two  parietal 
apertures,  and  lay  along  the  inner  end  of  the  right  opening, 
where  it  was  joined  by  a  groove  running  from  the  inner  end  of 
the  left  opening.  Maintaining  its  course  to  the  right  of  the 
middle  line,  it  passed  downwards  close  to  the  right  border  of 
the  occipital  aperture.  There  are  other  interesting  peculiarities 
in  this  calvaria  described  by  Turner,  but  they  have  no  direct 
bearing  on  the  present  paper.  Turner  considers  the  parietal 
deficiencies  as  being  exaggerated  representatives  of  the  parietal 
foramina,  and  that  numerous  veins  passed  through  the  fibrous 
membranes  closing  these  openings.  He  is  led  to  this  conclusion 
by  the  position  of  the  openings,  the  cribriform  condition  of  the 
membranes  closing  them,  and  the  grooved  state  of  the  parietal 
bones  internally. 

M.  Broca^  in  a  paper  on  this  subject  describes  a  similar  abnor- 
mality in  the  skull  of  a  female,  a  native  of  the  Canary  Islands. 
Near  the  border  of  the  sagittal  suture,  and  at  a  distance  of  3  cm. 
from  the  lambdoidal  suture,  a  perforation  existed  in  each  parietal 
bone.  The  perforations  were  symmetrical,  regular,  and  elliptical, 
each  measuring  20  mm.  in  the  long  and  13  mm.  in  the  short 
diameter.  The  bridge  of  bone  separating  these  openings  was 
20  mm.  broad,  and  was  divided  longitudinally  by  the  sagittal 
suture  into  two  equal  parts.    The  margins  of  the  openings  were 

1  "Snr  la  Perforation  Congenitale  et   Sym^triqtie  des  cJQUZ  Parietauz,"  P. 
Broca,  Bull  dc  la  Soe.  (VAiUhropologie  de  Paris,  March  1875. 
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thick  and  blunt,  and  not  bevelled  on  either  table.  Broca  also 
refers  to  a  similar  condition  described  by  Baron  Larrey  in  a 
skull  presented  by  him  to  the  Val-de-Or&ce  Museum.  The 
skull  was  that  of  a  male  Spaniard,  SBt.  36  years,  who  died  of 
phthisis.  The  abnormality  was  only  accidentally  discovered  at 
the  post-Tnortem  examination.  The  skull  was  normal,  but 
under-developed  (microcephalic?),  and  there  was  no  trace  of 
persistent  fontanellea  In  the  position  normally  occupied  by 
the  parietal  foramina  were  two  large  symmetrical  openings, 
each  measuring  3  cm.  in  its  longest  diameter.  The  edges  were 
blunt  and  rounded.  The  osseous  bridge  between  these  perfora- 
tions was  very  thick,  and  marked  internally  by  the  groove  for 
the  superior  longitudinal  sinus,  and  externally  by  the  sagittal 
sutura  Elach  perforation  was  shaped  like  a  square  with  the 
angles  rounded  off.  This  case  corresponds  more  closely  with 
mine  than  does  Broca's,  both  in  size  and  shape  of  the  openings 
and  in  the  microcephalism. 

Sir  G.  Humphry,^  in  the  course  of  his  description  of  the  parietal 
bone,  writes  thus :  — "  The  aperture  for  the  vein  that  runs 
through  the  upper  and  hinder  part  of  the  parietal  bone  into  the 
longitudinal  sinus  is  in  some  skulls  of  considerable  size.  In  a 
specimen  in  the  Cambridge  Museum  it  is  large  enough  to 
admit  the  end  of  the  finger."  Broca  describes  a  somewhat 
similar  condition  in  the  skull  of  a  negro.^  In  this  case,  about 
4  or  5  cm.  from  the  lambdoidal  suture^  were  two  openings 
exactly  occupying  the  position  of  the  parietal  foramina.  In 
the  left  one  the  external  opening  is  3  mm.  wide,  whereas  the 
internal  opening  measures  only  1^  mm. ;  in  the  right  one  the 
external  opening  is  6  mm.,  and  the  internal  opening  4  mm.  in 
width.  Broca  regards  this  condition  as  due  to  an  enlargement  of 
the  parietal  foramen.  He  further  regards  the  existence  of  the 
parietal  foramina  as  abnormal  though  frequent,  and  considers 
the  bone  as  really  normal  when  these  foramina  are  absent  He 
points  out  also  that  each  foramen  may  be  replaced  by  two,  three, 
or  four  small  foramina.     This  being  so,  we  are  provided  in  the 

^  A  Treatise  on  the  Human  Skeleton^  p.  248  ;  see  also  Quain*8  Anatomy,  1890, 
vol.  u.  part  i.  p.  80. 

'  "Sur  les  trous  Parietaux  et  sur  la  Perforation  Congenitale  double  et 
Sym^triqne  des  Parietaux,"  P.  Broca,  Bull  de  la  Soc  cFAnthropologie  de  Puris, 
Hay  1875. 
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above  observations  with  a  series  of  variations  from  the  normal 
condition  of  the  parietal  bone,  of  which  the  ordinary  parietal  fora- 
men is  the  commonest,  and  the  cases  described  above  (Turner's, 
Broca's,  Larrey's,  and  my  own)  the  most  exaggerated,  examples ; 
while  the  negro  skull  described  by  Broca,  and  Humphry's 
case  represent  the  intermediate  condition.  While,  however,  an 
emissary  vein  may  be  capable  of  producing  a  hole  the  size  of 
the  parietal  foramen,  it  seems  doubtful  if  it  could  account  for 
the  existence  of  an  aperture  of  the  magnitude  of  those  described. 
But,  apart  from  the  presence  of  the  veins,  there  is  nothing  to 
explain  the  defective  ossification  of  so  large  an  area.  Turner's 
case,  indeed,  rather  implies  the  existence  in  these  cases  of 
numerous  small  veins  in  the  situation  of  the  unossified  area. 

In  the  discussion  which  followed  Broca's  first  paper  on  the 
subject,  Hamy  expressed  his  opinion  that  the  abnormality 
might  have  been  caused  by  symmetrical  meningo-encephalocele, 
but  there  is  not  the  slightest  evidence  to  support  such  a 
supposition. 

In  conclusion,  the  recognition  of  this  abnormality  in  the 
living  subject  enables  us  to  localise  with  fedr  accuracy  the 
underlying  portion  of  the  brain.  The  patient  stated  that  on 
firm  pressure  over  either  defective  area  he  saw  flashes  of  light 
in  both  eye&  Each  aperture  appears  to  correspond  in  position 
to  a  part  of  the  brain  lying  directly  behind  the  parieto-occipital 
fissure.  With  the  assistance  of  Professor  D.  J.  Cunningham's 
models  and  Professor  Eraser's  plates,^  we  are  able  accurately  to 
localise  the  portion  of  the  brain  underlying  the  defective  area 
as  the  anterior  part  of  the  corresponding  superior  occipital 
convolution,  which  forms  a  part  of  the  visual  centre.^  There 
appears  to  be  some  doubt  as  to  whether  this  particular  area  is 
implicated  in  the  vision  of  one  or  both  eyes.  The  statement  of 
the  patient  that  on  firm  pressure  on  either  area  he  saw  flashes 
of  light  in  both  eyes  would  seem  to  confirm  the  view  that  the 
superior  occipital  convolution  is  concerned  in  the  vision  of  both 
eyes. 

^  A  Cfuide  to  Operalimu  on  the  Brain,  Alec  Fraaer,  1890. 

*  A  ManwU  of  the  Diaeaeea  of  the  Nervous  System,  W.  R.  Gowera,  vol.  ii.  p.  19  ; 
The  Functions  of  the  Brain,  D.  Ferrier,  2nd  ed.,  p.  270  ;  The  Croonian  Lectures 
oit  Cerebral  Localisation,  1890,  D.  Ferrier ;  A  TSriatiee  on  Diseases  of  the  Nervous 
Sifstem,  J.  Boee,  voL  ii  p.  496. 


A  SUGGESTION  AS  TO  THE  POSSIBLE  CAUSE  OF 
THE  CORONA  OBSERVED  IN  CERTslIN  AFTER- 
IMAGES.   By  A.  E.  Wright,  M.D.  Dubl. 

(From  the  Laboratoiies  of  the  Conjoint  Colleges  of  Sui^ons 

and  Physicians,  London.) 

It  is  well  known  that  the  after-image  of  a  white  disk  upon  a 
black  ground  consists  of  a  black  central  disk  upon  a  white 
ground,  and  that  this  central  black  disk  is  seen  to  be  surrounded 
by  a  halo  or  external  corona,  which  is  of  a  more  brilliant  white 
than  any  part  of  the  white  surrounding  field. 

There  has  always  been  a  question  as  to  how  this  white  corona 
should  be  explained.  Helmholtz  attributed  the  brightness  of 
the  halo  to  a  psychological  error  of  judgment,  conditioned  by 
the  fact  that  this  portion  of  the  white  field  of  after-image 
immediately  adjoined  the  black  central  disk.  Hering,  on  the 
other  hand,  is  of  opinion  that  its  cause  ought  to  be  sought  for 
somewhere  within  the  physical,  physiological  domain.  The 
suggestion  which  I  am  about  to  make  is  one  which  is  in 
conformity  with  this  view  of  Hering. 

I  would  suggest  that  we  have  the  key  to  the  whole  difficulty 
in  the  fact  that  the  after-image  we  are  considering  is,  in  reality, 
not  the  after-image  of  any  single  primary-image  (Vorbild),  but 
the  resultant  after-image  of  three,  or,  for  practical  purposes,  we 
may  say  two,  separate  primary  images ;  that  is  to  say,  of  the 
primary  images  of  the  central  white  disk  upon  the  black  ground 
which  fall  upon  the  retina  during  three  different  phases  of 
accommodation — exact  accommodation,  under-accommodation, 
and  over-accommodation.  For  practical  purposes  we  may  con- 
sider the  last  two  images  to  be  identical. 

That  this  is  so  can  be  verified  by  anyone  who  will  observe 
what  takes  place  in  his  accommodation  during  the  period  of 
fixation  necessary  for  the  production  of  a  distinct  after-image. 
He  will  begin  by  accommodating  correctly  for,  let  us  say,  a 
pencil  mark  placed  in  the  centre  of  the  white  disk  as  a  fixation-* 
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mark,  but  he  will  notice  that  his  accommodation  will  soon  begin 
to  flag,  and  that  the  pencil  mark  will  grow  vague  owing  to 
insufficient  accommodation.  As  soon  as  he  notices  this,  the 
observer  will  make  an  effort  to  accommodate  correctly,  with  the 
result  that  the  larger  central  area  which  was  occupied  upon  his 
retina  by  the  diffused  image  of  the  white  disk,  will  now  become 
contracted  again  to  the  smaller  area  which  corresponds  to  the 
retinal  image  of  the  disk  during. correct  accommodatioD,  and  the 
diffusion  annulus  upon  the  retina  of  under-accommodation  will 
correspond  during  the  correct  accommodation  which  has  super- 
vened to  the  innermost  annulus  of  the  black  field.  This  retinal 
annulus  is,  therefore,  a  debatable  zone  which,  though  it  ought 
to  be  continuously  a  part  of  the  black  field,  ia  thus,  by  defect 
of  accommodation,  being  constantly  encroached  upon  by  the 
diffusion  circles  of  the  white  central  disL 

What  results  from  this  is  in  part  apparent  during  the 
course  of  the  fixation ;  in  part  its  results  manifest  themselves 
in  the  residual  phenomenon  of  the  whole  process  which,  in  fact, 
constitutes  the  after-image  re-stricto  sensu. 

(1)  The  phenomena  which  are  observable  during  the  course 
of  the  fixation  are  as  follows  : — 

When  either  under  or  o7er  accommodation  supervenes  we  see 
the  central  white  disk  surrounded  by  a  brilliantly  white  rim, 
beside  which  the  central  portions  of  the  disk  appear  of  a 
distinctly  dull  grey  colour. 

I  take  it  that  the  bright  rim  here  corresponds  to  what  I  have 
called  the  debatable  zone  on  the  retina,  and  that  its  brilliant 
whiteness  is  due  to  a  summation  of  the  whiteness  of  the  outer- 
most diffusion  circle  of  the  dusk  which  has  now  come  to  occupy 
this  95one  upon  the  retina,  with  an  after-image  phenomenon,  i.e,, 
with  the  whitene^  which,  is  the  physiological  reaction  from  the 
stimulation  of  this  part  of  the  retina  by  the  black  light  (sit 
venia  verbo)  of  the  innermost  annulus  of  the  peripheral  black 

field 

On  the  other  hand,  the  greyness  of  the  central  disk  is  due  to 
two  causes — (a)  to  the  absence  on  that  part  of  the  retina  of  any 
white  after-image  phenomenon  to  summate  with  it,  and  (6)  to 
a  phenomenon  long  ago  explained  by  Hering,  viz.,  to  the  black 
fifter-image,  whicb  is  being  suppressed  by  the  white  primary^ 
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image,  rising  above  the  threshold  of  consciousness  through  and 
even  in  spite  of  that  repressive  influence. 

(2)  The  phenomena  which  are  observable  in  the  so-called 
after-image  proper. 

When  the  repressive  strain  of  the  primary-image  is  taken  off, 
we  have  to  deal  with  the  residual  phenomena  which  constitute 
the  physiological  accompaniments  of  the  return  of  the  retina  to 
equilibrium.     In  this  process  the  white  disk,  of  course,  comes  out 
black  in  the  after-image,  and  the  peripheral  field  comes  out 
white,  and  then  we  have  the  debatable  zone  to  reckon  with. 
It  comes  out  white,  because,  after  all,  the  distribution  of  white 
and  black    upon   the   retina    during  correct    accommodation 
must,  of  course,  condition  the  broad  lines  of  distribution  of  white 
and   black  in  the  after-image.    The  real  difficulty,  however, 
comes  in  when  we  try  to  explain  why  the  halo  should  be  the 
brightest  part  of  the  field.     I  think  the  explanation  of  this  is  to 
be  found  in  the  fact  that  every  after-image  phenomenon  tends 
to  exhaust  itself.    By  dint  of  a  little  perseverance  it  is  not  at 
all  difficult  to  reduce  one's  retina  to  the  condition  in  which  it 
can  hardly  be  got  to  give  any  after-image  response ;  any  lengthy 
series  of  after-image  observations  will  do  this,  and  I  believe  that 
a  ten  minutes'  fixation  would  go  a  good  way  towards  reducing 
any  observer's  retina  to  this  condition.    The  wear  and  tear  come 
in  especially  when  there  is  a  long  spell  of  stimulation  with  light 
of  the  same  colour.^    Therefore,  I  take  it  that  the  parts  of  the 
field  that  are  likely  to  be  soonest  exhausted  are  the  peripheral 
and  the  central  portion,  in  which  stimulation  by  white  is  never 
varied  by  stimulation  with  black,  or  vice  verea.     On  the  other 
hand,  the  debatable  zone  appears  to  me  to  be  especially  favoured 
in  this  Inspect,  as  the  stimulation  with  black  is  every  now  and 
then  relieved  by  a  momentary  ^  stimulation  with  white,  and  an 


^  In  connection  with  this  q^nestion,  perhaps  I  may  make  tlie  snggestion  here 
that  the  reason  why  green  is  so  restful  a  colour  to  the  eyes,  may  perhaps  be  found 
in  the  fact  that  the  eye  is  being  perpetually  stimulated  by  light  which,  owing  to 
the  position  of  the  retinal  vessels,  must  be  coloured  blood-red  before  it  reaches 
the  retina.    The  contrast  colour  would  therefore  naturally  come  gratefully. 

'  It  might  be  argued  that  alternate  stimulation  with  white  and  black  on  any 
particular  portion  of  the  retina  would  there  result  in  a  local  condition  of  retinal 
equilibrium,  corresponding  to  Hering's  ''neutral  grey,"  and  that  an  after-image 
tdsponse  to  such  a  condition  of  equilibrium  is  a  matter  of  plain  impoBsibilitx* 
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opportnnitj  is  thus  afforded  for  a  '  restitutio  ad  integrum/  i.e., 
to  a  renewed  power  of  after-image  response  to  stimulation  with 
hlack.  I  have  frequently  observed  that  the  halo  is  particularly 
well  marked  after  prolonged  fixations ;  but  I  am  quite  conscious 
that  in  observations  of  this  kind  the  wish  is  often  father  to  the 
&ct  I  have,  therefore,  sought  to  test  the  hypothesis  I  have 
suggested  in  various  ways.  I  began  by  making  what  I  thought 
would  prove  to  be  an  experimentum  crucis.  I  atropinised  my 
eyes  in  order  to  eliminate  the  effects  of  accommodation,  but  I 
found  fixation  impossible  with  atropinised  eyes,  or,  at  any  rate,  I 
found  that  I  could  not  be  sure  of  the  steadiness  of  my  eyes  in 
the  many  fixations  I  attempted  to  make  under  the  influence  of 
the  atropin,  my  power  of  convergence  having  become  quite  dis- 
organised by  the  paralysis  induced  in  my  accommodation. 

I  then  argued  that  if  I  removed  my  white  disk  and  black 
field  to  such  a  distance  that  accommodation  would  be  practically 
=nil,  I  should  get  after-images  which  were  free  from  halos. 
The  observations  are  difficult,  inasmuch  as  a  distant  object 
has  not  sufficient  brilliancy  to  be  advantageously  used  for  the 
purposes  of  after-images.  Very  prolonged  fixations  therefore 
become  necessary,  and  during  these  fixations  it  is  difficult  to 
avoid  movements  of  the  body,  such,  for  instance,  of  those 
accompanying  respiration.  It  is  also,  of  course,  evident  that 
movements  of  accommodation  might  also  be  occurring  un- 
observed under  these  circumstances. 

As  a  result  of  experiments  by  this  method  of  distant  objects, 
I  could  in  all  cases  make  out  distinct  halos  to  my  after-images. 
According  to  the  suggestion  just  made,  these  halos  would,  how- 
ever, be  attributable  to  a  blurring  of  the  outlines  of  the  retinal 
image,  due  to  unavoidable  movements. 

I,  therefore,  tried  another  method,  and  it  appeared  to  me  to 
be  a  far  more  saitisfactory  one.  This  was  to  fix  the  centre  spot 
of  my  white  disk  firom  a  distance  of  about  a  foot,  and  to  move  my 

Sach  an  objection  would  be  perfectly  yalid  if  the  stimulations  were  equivalent  as 
well  as  alternate,  bat  on  the  one  hand,  it  is  obyious  that  the  chances  are  as 
infinity  to  one  against  such  an  absolute  neutralisation  of  opposite  stimulations 
having  completed  itself  at  the  precise  moment  at  which  the  fixation  is  broken  off, 
and,  on  the  other  hand,  the  approach  to  a  condition  of  neutral  grey  on  the 
debatable  zone  during  the  course  of  the  fixation  is  of  the  very  essence  of  the 
leetitatio  ad  integrum  referred  to  above. 
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eyes  nearer  to  it  and  further  away  from  it  during  the  course  of 
my  fixation ;  or,  what  comes  to  the  same  thing,  to  fix  my  paper 
disk  upon  a  long  pin  and  to  move  it  gradually  nearer  or  further 
away  from  my  eyes  by  pushing  the  pin  up,  or  pulling  it  down, 
through  a  piece  of  black  paper  which  constituted  my  peripheral 
field.  By  this  method  the  debatable  zone  is  evidently  enormously 
increased  in  extent,  and  I  found  that  I  could  by  this  method 
obtain  a  much  broader  band  of  halo  in  my  after-images. 

I  feel  inclined  to  lay  a  certain  amount  of  stress  upon  this  last 
observation,  as  I  have  veriGed  it  so  many  times  that  I  do  not 
think  that  it  can  have  been  in  every  case  a  subjectively 
suggested  phenomenon. 

At  any  rate,  I  think  that  this  observation  justifies  me  in 
making  the  above  suggestion  as  to  the  causation  of  the  halo. 


COMPLETE  CERVICAL  FISTXTLffi:  A  NOTE  ON  C-  F. 
MARSHALL'S  PAPER  ON  THE  THYRO-GLOSSAL 
DUCT  OR  "CANAL  OF  HIS."    By  A,  A,  Kanthack. 

Since  my  return  from  India  I  have  noticed  a  paper,  by  Dr 
Marshall,  on  "The  Thyro-Glossal  Duct"  in  the  twenty-sixth 
volume  of  this  Jov/mal^  p.  94.  It  is  not  my  intention  to  enter 
into  any  controversy,  and  I  am  only  writing  to  claim  some  "  con- 
sideration "  for  an  account  of  the  formation  of  cervical  fistuke, 
which  Dr  Marshall  refuses  to  give.  I  have  said  that  a  complete 
median  fistula  may  be  due  to  a  tear  through  the  closing  mem- 
brane of  the  second  branchial  groove  into  the  sinus  cervicalis. 
Dr  Marshall  gives  me  the  credit  of  this  suggestion,  but  considers 
my  accoimt  without  "  parallel  in  embryology." 

In  my  paper^  I  referred  to  Kostanecki's  and  Mielecki's  lengthy 
paper  in  Virchow's  Archiv,  to  which  I  was  greatly  indebted. 
If  thispaper  had  been  carefully  consulted  it  would  have  been  found 
that  my  assumption  was  not  an  original  one,  but  one  accepted 
by  such  authorities  as  Rabl,  Rtickert,  Zimmermann,  and  others. 
As  I  cannot  here  translate,  or  even  extract,  the  above-mentioned 
paper,  I  must  again  refer  to  vol&  cxx.  and  cxxi  of  Yirchow's 
Archiv,  where  a  fiill  account  is  given  of  the  formation  of 
cervical  fistulse. 

It  will  be  found  that  accoi*ding  to  modem  embryology,  even 
according  to  His  and  Piersol,  no  d  priori  reasons  exist  against 
the  assumption  made  by  Kostanecki  and  Mielecki  and  myself. 
Fol,  de  Meuron,  Eastschenko,  Liessner,  Rtickert,  and  Zimmer- 
mann— all  of  them  careful  observers — have  described  an  actual 
tearing  (Durchbruch)  of  the  closing  membrane  of  the  first  or 
second  cleft  under  normal  conditions.  Rabl,  who  has  studied 
the  sinus  c^vicalis  more  specially,  lends  still  greater  support  to 
"  my  "  assumption.  Finally,  reference  must  be  made  to  Oscar 
Hertwig's  Text-Booh  (third  edition,  1890,  p.  247),  who  accounts 
for  cervical  fistul®  in  the  same  manner. 

^  The  Tbyreo-gloraal  Duct,  Jour,  of  AmA,  and  Phys.,  Jan.  1891. 
VOL.  XXVL  (N.a  VOL.  VI.)  O 
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It  is,  therefore,  not  imy  suggestion  at  all  that  a  complete 
median  fistula  may  result  from  a  tear  through  the  closing 
membrane  of  the  second  branchial  groove  into  the  unobliterated 
sinus  cervicalis ;  but  my  explanation  of  such  fistulae  was  derived 
from  the  works  of  others,  all  of  them  embryologists  of  a  high 
order.  Id  fine,  I  must  once  m(x^  ask  all  those  who  are  in- 
terested iu  the  formation  of  cervical  fistuke  to  make  a  careful 
perusal  of  the  exhaustive  paper  by  Kostanecki  and  Mielecki. 


CONCERNING  THE  TAXONOMY  OF  THE  NORTH 
AMERICAN  PYGOPODES,  BASED  UPON  THEIR 
OSTEOLOGY.    By  R.  W.  Shufeldt,  C.M.Z.S. 

Formerly  the  Pygopodes  were  considered  by  a  number  of 
ornithological  systematists  to  be  a  group  of  birds  containing 
but  one  family — the  Colyrribidce,  embracing^  in  this  country  at 
leasts  all  those  species  known  to  us  as  the  Grebes  and  Loons. 
By  some  this  group  was  placed  in  the  old  order  Natatores, 
which  was  created  in  times  gone  by,  to  contain  nearly  every 
kind  of  water-bird,  from  a  Flamingo  to  an  Auk.  Even  as  late 
as  1839  Brandt^  included  the  Penguins  in  this  order,  and 
prior  to  his  day  Illiger  had  associated  the  Phalaropes  with 
them.  Passing  by  these  earlier  taxonomies,  we  find  the  writers 
of  the  later  years  of  the  present  century  removing  group  after 
group  from  this  natatorial  assemblage,  so  that  at  the  present 
time  the  majority  of  avian  classifiers  place  in  the  order  Pygo- 
podes only  the  Auks,  Grebes,  and  Loons.  Mr  Sclater  has 
committed  himself  to  the  opinion  that  the  Pygopodes  ''  seem  to 
form  a  natural  transition  between  "  the  Gulls  and  the  Penguins ; 
and  to  my  friend  Professor  Alfred  Newton  "it  appears  ques- 
tionable whether  the  Grebes,  Podidpedidoe,  have  any  real 
affinity  to  the  two  families  (ColyTribidce  and  Alddce)  with 
which  they  are  usually  associated,  and  this  is  a  point  deserving 
of  more  attention  on  the  part  of  morphologists  than  it  has 
hitherto  received."  ^ 

Recently  the  present  writer  has  had  occasion  to  examine  into 
the  osteology  of  all  the  groups  of  birds  to  which  reference  has 
just  been  made,  and  has  arrived  at  the  opinion  that  the  Pygo- 
podes constitute  a  natural  suborder  of  birds,  containing  only 
the  Loons  and  Grebes.  For  the  latter  I  propose  a  super- 
family,  Podicipoidea,  restricting  all  the  species  to  one  family — 
the  Podi&ipidcB ;  and  for  the  Loons  another  superfamily — the 

^  Beitrdge  xur  Kenniniss  der  Naiurgesehichie  der  Voget. 

*  Encydo,  Brit,,  9th  ed.,  vol.  zviii.,  art.  ''Ornithology,"  p.  45. 
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Urinatoroidear--coji&Dmg  all  the  species  to  the  family  Urinor 
toridoB  contained  vrithin  it.  Presently,  in  the  present  connec- 
tion, I  shall  give  the  osteological  characters  which  seem  to  me 
to  distinguish  these  divisions. 

Within  the  confines  of  the  United  States  we  find  no  outlying 
types  in  her  avifauna  to  the  group  Pygopodes  as  thus  constir 
tuted — no  bird-forms  about  which  the  morphologist  has  any 
doubt  as  to  whether  they  belong  to  this  suborder  or  not ;  and  I 
conceive  that  such  forms  among  other  avifaunsB,  as  we  find  in 
the  genera  Hdiomis  and  Podica,  are  too  unmistakably  stamped 
with  ralline  characters,  according  to  recent  investigators  of  their 
anatomy,  to  ever  be  associated  again  with  the  Grebes,  much 
less  with  the  Loons. 

We  have  in  the  United  States  some  six  species  and  sub- 
species of  PodicipidcBt  and  about  five  species  of  the  Urina- 
toridcB.  Several  of  each  of  these  families  are  found  to  range 
to  other  parts  of  the  world,  as  Holboell's  Grebe  is  found  in 
Japan;  PodUymbtLS  podiceps  is  found  on  the  waters  of  the 
West  Indies  and  the  northern  half  of  South  America ;  and  two 
or  three  of  the  Loons  have  a  still  wider  range. 

Skeletons  of  most  of  these  forms  have,  thanks  to  the  courtesy 
of  the  United  States  National  Museum,  been  in  my  hands  for 
study,  and  these  supplemented  by  the  material  in  my  own 
collection  have  given  me  the  opportunity  to  examine  into  the 
osteology  of  the  entire  suborder  in  North  America.  Upon 
comparison  and  intercomparison  of  such  specimens,  I  am  quite 
convinced  that  the  Pygopodes  should  be  classified  as  I  have 
suggested  above,  and  that  such  a  classification  is  a  natural  one. 
Loons  and  Grebes  are  undoubtedly  of  a  kin,  but  they  are 
separated  by  superfamily  lines  within  the  suborder  to  which 
they  both  belong.  To  be  used  in  another  connection,  I  have 
carefully  written  out  all  the  osteological  characters  of  agree- 
ment as  they  are  found  in  type  species  of  these  two  kinds  of 
birds,  but  the  account  is  altogether  of  too  great  a  length  to  be 
presented  here.  But  I  have  also  drawn  up  a  tabulated  synoptical 
table  wherein  I  show  the  osteological  differences  as  they  are 
^found  to  exist  between  the  two  superfamilies  in  question,  and 
as  that  is  very  much  briefer,  I  make  no  hesitation  in  laying  it 
before  you. 
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The  Chief  Osteological  Characters  which  distinguidh  the 
Podieipoidea  arid  Urinatoroidea, 

Podidpoidea. — ^Para  plana  ossifiea 
VrinatoToidea. — Pare  plana  does  not  ossify. 

Podidpoidea. — Supra-orbital  glandular  fossae  but  faintly 
mark  the  skulL 

Urinatoroidea. — Supra-orbital  glandular  fossae  deeply  mark 
the  skull,  being  within  the  superior  border  of  the  orbit, 
and  separated  from  each  other  mesially  by  a  thin^  longi- 
tudinal crest  of  bone. 

Podidpoidea. — Twenty-four  or  more  dorso-cervical  vertebrse. 
Urinatoroidea. — ^Twenty  dorso-cervical  vertebrae,  not  more. 

Podidpoidea. — Sternum  short  and  broad,  with  the  lateral 
xiphoidal  processes  extending  more  posteriorly  than  the 
mid-xiphoidal  piece,  which  latter  is  triangularly  notched 
in  the  middle  lUie. 

Urinatoroidea. — Sternum  nearly  twice  as  long  as  it  is  broad, 
with  the  lateral  xiphoidal  processes  not  extending  more 
posteriorly  than  the  mid-xiphoidal  piece,  which  latter  is 
unnotched  and  rounded  off  posteriorly. 

Podidpoidea. — Posterior  free  extremities  of  os  furcula  very 

narrow  and  pointed. 
Urinatoroidea. — Posterior  extremities  of  os  furcvZa  very 

broad,  laterally  compressed,  and  apices  bluntly  rounded 

off 

Podidpoidea. — Posteriorly  the  ischium  does  not  articulate 
with  the  superior  margin  of  the  very  long  post-pubic 
style,  anterior  to  its  free  end ;  and  the  latter  is  not  per^ 
ceptibly  dilated. 

Urinatoroidea. — Posteriorly  the  ischium  does  articulate  with 
the  superior  margin  of  the  very  long  post-pubic  style, 
anterior  to  its  free  end ;  and  the  latter  is  considerably 
dilated  and  paddle-shaped. 

Podidpoidea. — PoUex  metacarpal  short. 
Urinatoroidea. — PoUex  metacarpal  remarkably  long. 
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Podicipoidea. — Possessed  of  a  large  patella  coexisting  with 
an  elongated  cnemial  process  of  the  tibio-tarsue. 

UriTiatoroidea. — Possessed  only  of  a  very  small,  flake-like 
sesamoid,  which  occurs  in  the  tendon  of  the  extensor 
femoris  muscle  at  its  insertion ;  and  probably  the  true 
patella  has  oo-ossiiied  in  the  adult  with  the  elongated 
cnemial  process  of  the  tibio^tarsus. 

Ajffinities  of  the  Pygopodea. 

The  osteological  characters  distinguishing  the  superfamilies 
indicated  are  supported  by  others  in  other  systems  of  the 
structural  economics  of  the  two  groups,  but  a  consideration  of 
them  does  not  fall  within  the  limits  of  the  present  paper. 

Four  years  prior  to  the  appearance  of  FUrbringer's  encyclo- 
pedic work  upon  the  morphology  and  taxonomy  of  birds,  or  in 
188V  I  considered  the  representatives  of  the  extinct  genus  of 
cretaceous  toothed  birds  Heaperoimia  to  be  "  powerful  divers  " 
and  the  "  ancient  ancestors  "  of  our  present  existing  Grebes  and 
Loona  Essentially,  this  still  remains  my  opinion;  and  at  a 
later  day,  after  carefully  comparing  the  osteological  characters 
of  the  Podicipoidea  and  Urinatoroidea  with  the  correspond- 
ing ones  in  the  skeleton  of  Hesperomia  regalia  and  H.  craaaipea, 
as  given  us  by  Marsh,  I  again  said  that  the  result  of  those 
investigations  "  convince  me  of  the  fact  that,  however  widely 
separated  now,  our  existing  Loons  and  Qrebes  are  derived  from 
the  same  ancestral  stock  to  which  H.  regalia  belonged."  * 

Our  existing  Qrebes  and  Loons,  according  to  this  view  then, 
are  derived  from,  or  are  the  indirect  descendants  of,  great 
toothed  Divers  long  since  extinct.  Possibly  the  Heaperor- 
nithidoa  were  an  offshoot  family  from  a  superfamily  —  the 
Heaperomoidea,  forms  which  I  picture  to  my  mind  as  having 
the  power  of  flight,  and  being  the  more  typical  of  those  extinct 
Divers,  and  from  them  our  present  Pygopodes  were  derived, 
but  we  yet  lack  the  necessary  material  to  place  such  a  question 
beyond  all  dispute.  From  a  consideration  of  the  osteological 
characters,  I  consider  the  Podicipoidea  to  be  cm  earlier  ofi&hoot 

'  Proc  U.S,  Nat,  Museum^  vol.  vii.  p.  881. 
*  «Amr.  (^  AnaL,  Lond.,  Jan.  1890,  p.  169. 
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of  the  pygopodous  stem  than  the  UriTiatoroidea,  and  more 
nearly  related  to  He»peromi8  than  are  the  latter  birds.  The 
morphology  of  the  pelvis  and  the  pelvic  limb,  as  well  as 
certain  characters  in  the  skull  and  trunk  skeleton,  point  in 
favour  of  this  view,  I  think.  So  far  as  the  affinities  of  the 
Pygopodea  are  concerned  with  other  groups  of  existing  birds, 
I  have  shown  in  other  places  that  they  present  a  number  of 
osteological  characters  exhibited  in  common  with  the  AIoor  and 
the  LongipenTies,  more  with  the  first,  and  more  or  fewer  with 
the  latter  group. 


EXPERIMENTAL  PATHOLOGICAL  EVIDENCE 
PROVING  THE  EXISTENCE  OF  PANCREATIC 
DIABETES.!    By  Vaughan  Harley,  M.D.,  M.R.C.P. 

Great  difficulties  are  unfortunately  experienced  in  giving 
animals  artificially  pancreatic  diabetes,  from  the  fact  that  all 
operations  on  the  pancreas  are  exceedingly  fatal.  So  fatal, 
indeed,  that  the  mere  effects  of  the  operation  itself,  no  matter 
however  carefiiUy  and  skilfully  performed,  often  cause  the  death 
of  the  animal  within  a  few  hours  after  the  operation.  While  the 
after-effects  of  the  operation  are  so  prejudicial  to  life  that  it  is  a 
rare  thing  for  the  animal  to  live  more  than  a  month  or  two — 
a  period  of  time  scarcely  sufficient  to  yield  perfectly  conclusive 
results.  Notwithstanding  these  drawbacks,  however,  the  data 
derived  from  the  artificial  production  of  pancreatic  diabetes  in 
animals  are  not  alone  of  great  scientific  interest  to  the  physio- 
logist, but  of  immense  practical  value  to  every  physician  engaged 
in  the  treatment  of  cases  of  diabetes.  Consequently,  the  facts 
I  am  about  to  adduce  cannot  fail  to  instruct,  as  well  as  interest, 
aU  who  are  paying  attention  to  the  onward  march  of  rational 
medicine. 

Before  beginning  to  give  in  detail  the  results  of  my  own  researches, 
it  may  be  well  for  me  to  give  a  brief  outline  of  the  experimental 
facts  previously  published  on  the  same  subject  by  others.  And  this 
I  do  all  the  more  readily,  seeing  that  the  experimental  literature  of 
Pancreatic  Diabetes  is  exceedingly  limited.  Indeed,  it  only  began  in 
1856  with  what  Claud  Bernard  ^  published  regarding  the  effects  of 
interrupting  the  flow  of  the  paucreatic  juice  into  the  intestines,  by 
blocking  up  the  duct  with  solid  paraffin.  As  all  the  animals  he 
operated  upon  died,  he  believed  that  the  removal  of  the  pancreas  was 

^  The  data  about  to  be  given  were  in  great  part  included  in  the  Edinbnrgh 
graduation  prize  thesis,  for  which  I  received  a  gold  medal  in  August  1891.  The 
thesis  was  entitled  *'A  Clinical  and  Experimental  Inquiry  into  the  Nature, 
Causation,  and  Treatment  of  Pancreatic  Diabetes." 

^  Claud  Bernard,  ''M^moire  sur  le  Pancreas,"  &c.,  CompL  Bendus^  vol.  i., 
1856  ;  and  **  Lecons  de  Physiologic  Ezperimentale,"  voL  IL  p.  274,  1856. 


PATHOLOGICAL  EVIDENCE  OF  PAKCBSATIC  DIABETES.    205 

an  ineyitably  fatal  operation.  He  noticed  that  all  the  dogs  experi- 
mented upon  became  thin;  that  neither  were  the  fatty  parts  of  the 
food  absorbed  from  the  intestines  into  the  blood,  nor  were  all  the 
starchy  matters  changed  into  sugar.  He,  however,  makes  no  mention 
of  haying  examined  the  urine  for  sugar.  Many  years  later  Schiff  ^ 
used  paraffin  in  the  same  manner  as  Claud  Bernard  had  done ;  but  as 
the  dogs  he  operated  on  remained  in  perfect  health,  he  did  not  regard 
the  preventing  the  flow  of  the  pancreatic  juice  into  the  intestines 
as  a  necessarily  fatal  operation.  Berard  and  Collin  ^  extirpated  the 
pancreas  from  various  species  of  animals,  and  most  successfally  of  all 
from  pigs,  which  they  said  could  live  perfectly  well  without  the  gland. 
Some  doubt  has,  however,  been  entertained  regarding  the  complete* 
ness  of  the  removal  of  the  organ  in  the  case  of  the  pigs,  which 
apparently  suffered  but  little  from  the  operation.  It  may  not,  per- 
haps, be  out  of  place  to  mention  that  when  Professor  Berard  in  1867 
exhibited  to  my  father,  Dr  George  Harley,  the  pigs  he  had  operated 
upon,  among  them  were  two  such  miserably  lean  ones  that  as  they 
were  passing  alongside  of  the  court-yard  wall,  on  which  the  sun  was 
shining  brightly,  he  said  jokingly  to  Professor  Berard  that  he  thought 
if  they  got  any  thinner  they  would  then  be  sufficiently  transparent 
as  not  to  be  able  to  cast  a  shadow  on  the  wall ! 

Though  there  is  nothing  said  in  Berard  and  Collin's  paper  about 
sugar  having  been  either  looked  for  or  found  in  the  urines,  as  extreme 
emaciation  is  one  of  the  most  notable  signs  of  pancreatic  diabetes,  it 
is,  I  think,  not  at  all  improbable  that  as  the  pigs  my  father  saw  were 
so  exceedingly  lean,  their  urines  may  have  contained  sugar. 

Xlebe  and  Munk^  extirpated  the  pancreas  in  dogs,  but  as  they 
never  found  sugar  in  any  of  their  mines,  they  considered  that  when 
diabetes  mellitus  occurs  in  man  in  association  with  pancreatic  disease, 
it  is  due  to  an  implication  of  the  solar  plexus.  In  a  footnote,  however, 
to  Yon  Mering's  paper,  Elebs  mentions  that  they  did  not  remove  the 
whole  of  the  pancreas,  so  this  fact  may  account  for  their  not  finding 
sugar  in  the  urines  of  the  dogs  they  experimented  upon,  as  will  be 
afterwards  explained. 

Finkler,^  in  his  cases  of  extirpation  of  the  pancreas,  in  likewise,  did 
not  find  diabetes  mellitus  follow  upon  the  operation. 

Senn,^  in  his  work  on  the  surgery  of  the  pancreas,  says  that  he 
found  that  when  he  extirpated  the  whole  of  the  gland  from  cats  and 
dogs,  they  only  lived  from  a  few  hours  to  nine  days.  He  thus  tabulates 
the  causes  of  the  deaths  of  the  animals  after  the  total  extirpation  of 
the  pancreas : — 

»  Schiff,  Med.  Ceniralb.,  p.  790,  1872. 

•  Berard  et  Collin,  "  Memoir©  sur  les  Effets  de  rExtirpation  du  Pancreas," 
OcuetU  hebdom,  de  Med.  et  de  Chir,,  vol.  v.  p.  69,  1858. 

'  Klebs  and  Monk,  Tageblat.  der  43  Versamnilung  deutscher  Nat.  und  Aerzte, 
Innsbmck,  1869. 

*  Finkler,  V'erhand.  dea  Congress fUr  innere  3fedieine,  Wiesbaden,  p.  172,  1886. 
'  Senn,    '  Die    Chiragie  des  Pankreas,"  Volkmann'a  Sammlung  KlinUcher 

ForlrSge,  Nos.  813-815,  Leipzig,  1888. 
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A  dog  died  in  9    days  from  peritonitis. 

„    9,        „       4      „        „     gangrene  of  duodenum. 

„  cat       „      5    hours  „    hamorrhage  and  shock. 

»      91  >i  ■'■2       »i         n  n  »» 

99  dog      „       4    days     ,,     suppurating  peritonitis. 
„  cat       „       2    hours  „     hsemorriiage. 

In  none  of  these  cases  was  the  operation  performed  with  the  view  of 
inducing  diabetes,  and  consequently  sugar  was  not  searched  for  in 
the  urine.  Nevertheless,  it  is  well  to  call  attention  to  the  fact  that 
the  dog  that  lived  nine  days  is  said,  in  spite  of  good  feeding,  to  have 
lost  no  less  than  2 '5  kilos.  =  5  lbs.  5^  oz,  in  weight. 

It  is  also  well  to  direct  attention  to  the  fact  that  a  dog  which  lived 
76  days,  after  a  partial  extirpation  of  the  organ,  was  noticed  to 
have  developed  a  remarkable  appetite  at  the  end  of  three  weeks, 
and  that  the  part  of  the  pancreas  which  had  not  been  removed  was 
found  to  be  atrophied.  Another  dog  which  had  for  the  first  four 
weeks  remained  in  comparatively  good  health  began  to  emaciate  in  spite 
of  his  eating  as  much  as  four  normal  dogs  <^  the  same  size  would  hava 
done,  and  died  126  days  after  the  operation.  In  this  case,  too,  the 
remaining  portion  of  the  pancreas  was  found  atrophied.  Both  ol 
these  dogs  were  thought  to  have  continued  in  good  health  until 
atrophy  of  the  remaining  portion  of  the  pancreas  supervened.  In 
spite  of  sugar  not  having  been  looked  for  in  the  urines  in  these  cases, 
as  they  lost  so  much  flesh,  &c.,  it  is  not  improbable  that  they  may 
have  been  diabetic. 

Martinotti^  extirpated  the  pancreas  almost  completely.  His 
observations  were,  however,  solely  directed  to  Lieberkuhn's  glands, 
which  he  considered  after  the  extirpation  of  the  pancreas  took  on 
the  functions  of  that  organ.  Although  he  made  no  examination  of 
the  urine,  he  mentions  incidentally  that  in  one  dog  there  was  marked 
faulty  nutrition,  with  great  loss  of  flesh. 

It  was  Yon  Mering  and  Minkowski  ^  who  first  called  attention  to 
the  fact  that  complete  removal  of  the  pancreas  is  always  attended 
by  a  diabetes  mellitus,  and  that,  too,  of  a  severe  form. 

In  some  of  the  dogs  they  experimented  upon  sugar  appeared  in  the 
urine  as  early  as  from  four  to  six  hours  after  the  operation  ;  in  others 
not  until  the  following  day.  It  reached  its  maximum  quantity  of 
from  5  to  11  per  cent,  in  about  two  days,  and  continued  so  until 
death.  No  diminution  in  the  percentage  of  the  sugar  taking  place 
even  when  the  dogs  had  received  no  nourishment.  One  dog,  weighing  8 
kilos.  — 17^  lbs.,  fed  on  bread  and  meat,  passed  from  70  to  80  grammes 
s=from  1078  to  1232  grains  of  sugar  daily.  The  sugar  was  shown  to 
be  grape-sugar  from  the  quantity  estimated  by  Fehling's  liquid  and 
the  polariscope  exactly  corresponding. 

^  Martinotti,  '*  Salla  Extirpazione  del  Pancreas/'  Giomale  delta  B,  Aeademia 
di  Med,  dei  Torino,  pp.  S48  and  883,  1888. 

*  Yon  Mering  und  0.  Minkowski,  "Diabetes  Mellitus  nacli  Pankreasextirpa- 
tlon,"  ArchivfUr  exper,  Pathol,  und  PkarmakoL,  vol.  zzri.  p.  371,  1890. 
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All  the  diabetic  dogs  had  great  thinst,  and  some  were  so  hungry  as 
to  eat  even  their  own  fseoeB.  Polyuria  was  a  marked  symptom, 
from  1000  to  1700  c.c. — ^that  is  to  say,  from  about  2  to  3|-  pints — 
of  urine  being  voided  daily.  In  spite  of  good  feeding  a  rapid  loss  of 
flesh  and  great  feebleness  oocurred  in  all  those  dogs  which  lived  as 
long  as  three  weeks.     Some  being  too  weak  to  be  able  to  walk. 

In  the  urine  of  the  dogs  were  found  acetone,  aceto-acetio  acid, 
and  /3-oxybutyric  acid.  At  first  there  was  only  sufficient  acetone 
present  to  render  it  detectable  by  Lieben's  and  Legal's  tests  j  but 
just  before  the  animals  died  it  had  sufficiently  increased  to  be  recog- 
nisable by  the  chloride  of  iron  test  alone. 

Von  Mering  and  Minkowski,  I  believe,  justly  assert  that  this  form 
of  diabetes  is  the  direct  consequence  of  the  removal  of  the  pancreatic 
gland  itself,  and  not  due  to  the  injury  caused  to  the  nervous  system 
by  the  operation,  for  they  never  could  discover  at  the  autopsies  any 
evidence  of  injury  to  the  nerve&  In  order  to  test  the  matter  pro- 
perly (although  the  fact  had  been  further  confirmed  by  Bccklinghausen 
in  the  case  of  a  dog  he  examined)  they  separated  the  pancreatic 
gland  entirely  from  the  mesentery,  and  left  it  merely  attached  to  the 
duodenum.  Consequently,  quite  as  much  injury  was  done  to  the 
nerves  near  it  as  if  the  organ  had  been  extirpated.  Nevertheless, 
there  was  no  diabetes.  Again,  in  two  other  dogs  they  applied  a 
double  ligature  to  the  pancreatic  duct,  and  likewise  separated  the 
pancreas  from  the  duodenum,  so  that  the  gland  remained  only  con- 
nected with  the  mesentery.  Yet  neither  of  the  dogs  became  diabetic, 
although  one  of  them  had  a  transitory  glycosuria,  which  they  thought 
might  have  been  probably  due  to  the  mere  temporary  interference 
with  the  pancreatic  circulation  due  to  the  operation. 

That  a  partial  extirpation  of  the  pancreas  is  not  followed  by 
diabetes  is  proved  by  the  following  experiments :— In  a  dog  they 
separated  the  horizontal  part  of  the  pancreas,  leaving  only  the  vertical, 
and  no  diabetes  occurring  within  the  next  three  weeks,  they  removed 
the  vertical  portion  of  the  gland.  Immediately  afterwards  the  animal 
became  diabetic,  and  remained  so  until  its  death,  from  lung  disease, 
20  days  after  the  diabetes  set  in.  In  another  dog  they  removed 
the  middle  part  of  the  pancreas,  and,  again,  no  diabetes  followed  until 
a  month  later,  after  the  rest  of  the  gland  had  been  removed. 

Heyden  ^  completely  removed  the  pancreas  from  dogs,  and  in  all 
found  diabetes  within  from  one  to  two  days  after  the  operation. 
In  one  case,  after  the  dog  had  passed  sugar  for  16  days,  a  whole 
month  elapsed  in  which  no  sugar  could  be  found  in  the  urine,  although 
it  was  during  the  whole  time  on  the  same  diet — bread  and  meat ; 
then  the  sugar  returned,  and  continued  until  its  death. 

In  several  of  his  cases  the  sugar  disappeared  from  the  urine  shortly 
before  the  death  of  the  dog,  which  is  a  point  of  great  interest,  as  a 
similar  thing  has  been  frequently  noted  in  patients  suffering  from 
diabetes,  associated  with  disease  of  the  pancreas.     He  also  found 

^  Heyden,  "  Extirpation  da  Panni^as  et  DiabSte,"  Soc.  de  Biologie,  Paris,  Oct. 
25, 1890,  and  Areh,  Mid,  Exp.  et  cCAwO.  Pathol ,  vol  lii.  p.  44,  1891. 
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aoetone  and  jS-oxybutyrio  add  in  urine  of  dogs  rendered  diabetic  by 
extirpation  of  the  pancreas,  as  is  met  with  in  the  human  subject. 

Professor  Lupine  ^  of  Lyons  substantiated  the  fact  that  removal  of 
the  whole  of  the  pancreas  in  dogs  is  followed  by  diabetes  mellitus. 

These  being  briefly  all  the  experimental  facts  I  have  found 
recorded,  I  will  now  cite  the  results  obtained  from  my  own  ex- 
periments, which  were  performed  in  the  Physiological  Institute 
of  Christiania,  under  the  eye  of  Professor  Sophus  Torup,  who 
kindly  aided  me  in  every  way  in  his  power. 

As  the  anatomy  of  the  pancreas  of  the  dog  is  quite  different 
from  that  of  the  human  being,  in  order  that  the  modes  of 
experimenting  may  be  readily  understood,  it  is  necessary  to 
explain  that  the  organ  in  the  dog  consists  of  two  almost 
separate  portions,  joined  together  at  the  head. 

One,  a  duodenal  or  vertical  portion,  with  its  extremity  lying 
in  the  mesentery,  quite  away  from  the  intestine,  running  in 
close  connection  with  the  duodenum,  and  then  joining  with  the 
other  horizontal  portion  to  form,  as  it  were,  the  head  of  the 
gland,  opposite  the  junction  of  the  stomach  with  the  duodenum. 
It  receives  its  blood-supply  from  the  pancreatico-duodenal 
vessels.  The  subgastric  or  horizontal  portion  is  longer  than  the 
duodenal.  It  runs  from  the  point  of  union  of  the  two  parts  of 
the  pancreas  below  and  somewhat  behind  the  stomach,  as  far  as 
the  spleen.  It  then  turns  downwards  and  ends  in  a  mesentery 
of  its  own,  on  the  level  of  about  the  middle  of  the  left  kidney. 
In  this  horizontal  portion  the  splenic  vessels  run,  and  in  extir- 
pating it,  it  is  necessary  to  separate  them  from  the  gland 
substance.  To  all  the  animals  I  gave  a  hypodermic  injection  of 
atropine  and  morphine,  about  half  an  hour  before  performing 
the  operations,  while  the  animals  were  always  kept  under  the 
influence  of  either  chloroform  or  ether  during  the  operation. 
In  all  cases  the  strictest  antiseptic  precautions  were  taken,  the 
instruments  being  always  freshly  boiled,  and  kept  in  a  carbolic 
acid  solution  until  used ;  while  the  peritoneal  cavity  was  always 
washed  out  after  the  operation  with  a  freshly-prepared  2  per 
cent,  boracic  acid  solution,  after  it  had  been  likewise  freshly 
boiled.  In  order  to  avoid  unnecessary  repetition,  I  will  here, 
once  and  for  all,  describe  the  mode  of  operating,  which  was 

,     ^  Lupine  et  Barral,  Compt.  Bendus^  p.  1814,  No.  25,  Paris  June  25,  1890. 
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strictly  followed  in  all  cases,  except  in  those  where  it  is  specially 
noted  to  the  contrary. 

The  skin  of  the  abdomen  was  shaved,  and  then  well  washed 
with  corrosive  sublimate  solution,  the  rest  of  the  body  being 
kept  covered  with  antiseptic  cloths.  An  incision  was  next  made 
from  the  xiphoid  cartilage  downwards  for  about  3  or  5  inches  in 
the  middle  line.  The  duodenum  was  now  drawn  forward,  and 
the  pancreas  separated  from  its  intestinal  attachments.  Its 
vessels  were  double  ligatured.  The  horizontal  or  subgastric 
portion  was  got  at  by  raising  the  spleen  and  great  omentum.^ 
The  splenic  vessels  were  separated  as  much  as  possible  from  the 
gland  tissue,  and  all  the  branches  going  to  the  gland  double 
ligatured  The  pancreas,  thus  isolated,  was  removed  by  merely 
cutting  it  out.  Having  extirpated  the  organ,  the  peritoneal 
cavity  was  well  washed  out  with  hot  boracic  solutiou,  the  wound 
closed,  and  dressed  with  iodoform  and  coUodium. 

Total  Extirpation  of  iM  Pancreas  in  Dogs. 

Experiment  I. — ^A  large  dog,  weighing  18 "7  kilos. »  40  lbs.,  after 
the  removal  of  the  pancreas,  was  placed  in  a  cage  for  collecting  its 
urine.  On  the  following  morning  the  wound  looked  healthy,  and  he 
seemed  very  well.  One  hundred  c.c.  of  urine  had  been  passed, 
which  both  reduced  Fehling's  solution  and  fermented  with  yeast, 
consequently  it  contained  sugar.  He  was  given  some  milk.  The 
day  after  he  was  very  quiet,  and  took  no  notice  on  being  patted.  His 
urine  still  contained  sugar.     He  died  46  hours  after  the  operation. 

Avioptsy  an  hour  later.  Wound  looked  healthy.  The  peritoneal 
cayity  contained  50  o.c.  of  a  brownish-coloured  fluid.  Peritoneal 
surface  both  of  intestines  and  mesentery  was  injected,  with  here  and 
there  small  haemorrhages.  The  pancreas  was  found  to  have  been 
entirely  removed.  Liver  congested,  with  a  large  quantity  of  bile  in 
the  large  ducts  as  well  as  in  gall-bladder.  Kidneys  somewhat  con- 
gested. The  bladder  contained  30  c.c.  of  high-coloured,  cloudy,  acid 
urine,  which  gave  a  well-marked  reduction  with  Fehling's  solution, 
and  fermented.  It  contained  2  per  cent,  of  sugar,  but  neither  albu- 
men, blood,  bile  acids,  nor  bile  pigment.  However,  on  adding  to  it 
a  saturated  solution  of  zinc  chloride  and  ammonia,  it  gave  a  distinct 
urobilin  reaction.  Urobilin  was  also  proved  to  be  present  by  a 
spectroscopic  examination;  this  might  be  accounted  for  by  the 
peritonitis. 

^  As  I  had  foand,  at  Professor  Dastre's  snggestioti,  when  making  biliary 
fistnlsB  at  the  Sorbonne  in  Paris,  that  it  simplified  the  operation  if  the  omentum 
was  ligatared,  and  completely  removed,  I  adopted  this  same  plan  in  my  opera- 
tions on  the  pancreas. 
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Here,  then,  we  have  evidence  of  2  per  cent,  of  sugar  being  excreted 
in  the  urine  within  16  hours  after  complete  removal  of  the  pancreas, 
and,  in  spite  of  a  peritonitis  having  developed,  continuing  until  the 
death  of  the  animal,  46  hours  after  the  operation. 

Experiment  IL — From  a  dog,  weighing  1 1  kilos.,  the  pancreas  was 
completely  removed ;  there  was  great  difficulty  in  detaching  the 
gland  from  the  duodenum.  The  following  day  the  dog,  although 
somewhat  quiet,  appeared  pretty  well.  Fifty  c.c.  of  acid  urine  had 
been  passed  in  the  night ;  it  contained  1  '5  per  cent,  of  sugar.  The 
next  day  the  dog  was  found  dead  in  his  cage.  No  more  urine  had 
been  passed. 

Autqpgy. — Peritoneal  cavity  seemed  healthy.  Over  IJ  inches  of 
the  duodenum,  a  little  below  the  pylorus,  was  of  a  dark  purple  colour, 
evidently  a  commencing  gangrene.  Pancreas  entirely  removed. 
Liver,  spleen,  and  kidneys  normal  The  bladder  contained  2  c.g»  of 
urine,  which  gave  sugar  reactions. 

Here,  again,  we  see  that  there  was  an  excretion  of  sugar  within 
20  hours  after  the  removal  of  the  pancreas. 

EoepenmefU  JIL — Removed  the  pancreas  from  a  dog  weighing  13 
kilos.  The  vessels  being  very  short,  and  the  pancreas  closely  bound 
down  to  the  duodenum,  I  had  some  difficulty  in  separating  the  duo- 
denum from  the  gland.  On  the  following  day  the  dog  seemed  well. 
He  had  not  been  put  into  the  cage  for  collecting  urine,  it  having 
been  thought  that  he  might  quicker  recover  from  the  effects  of  the 
operation  if  allowed  to  remain  in  his  kennel.  On  the  second  day  he 
was  so  well  that  a  little  milk  was  given  to  him.  On  the  third  day 
he  was  quieter,  but  still  took  milk  readily.  Passed  in  24  hours  200 
c.c.  of  a  clear  acid  urine,  containing  1*08  per  cent,  of  sugar;  no 
albumen.  He  was  no  better  the  next  day.  Urine  (170  c.c.)  acid 
somewhat  darker  coloured,  contained  2*15  per  cent,  of  sugar;  no 
albumen.  He  died  on  the  morning  of  the  fifth  day  after  the  opera- 
tion, having  passed  during  the  night  55  c.c.  of  urine,  containing  3*10 
per  cent,  of  sugar. 

Autopsy, — No  pancreas  remained.  Peritoneal  cavity  appeared 
healthy.  Liver  and  spleen  normal.  Kidneys  somewhat  congested. 
Middle  third  of  duodenum  of  a  dark  purple,  almost  black  colour,  but 
no  signs  of  peritonitis  visible.  Bladder  contained  8  c.c.  of  pale,  acid 
urine,  which  gave  a  copious  precipitate  on  boiling  with  Fehling's 
solution. 

Here  we  see  that,  not  only  an  excretion  of  sugar  took  place  after 
the  removal  of  the  pancreas,  but  that  there  was  a  steady  increase  in 
the  quantity  excreted,  in  spite  of  the  dog  practically  receiving  no 
nourishment.  Seeing  that  he  never  had  more  than  a  cupful  of  milk 
in  the  course  of  24  hours. 

Experiment  IV, — Pancreas  extirpated  from  a  dog  weighing  10 
kilos.     The  next  day  the  dog  remained  very  quiet.    Had  only  passed 
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10  C.C.  of  urine  durifig  the  night.  It  contained  sugar.  During  the 
following  night  he  died. 

AtUopsy. — No  trace  of  pancreas  remained  ;  nothing  else  was  found 
abnormal.  No  urine  in  the  bladder.  The  only  possible  cause  of 
death  seemed  to  be  the  shock  of  the  operation.  He  died  28  hours 
after  it. 

In  aoxue  other  experiments  the  dogs  died  too  soon  after  the  opera- 
tion to  get  enougli  of  urine  to  be  able  to  say  if  it  contained  sugar  or 
not.  However,  the  above  experiments  are  sufficient  to  show  that 
sugar  appears  in  the  urine  within  24  hours  after  the  complete 
remoYal  of  the  pancreas  from  dogs,  in  spite  of  their  receiving  no 
nourishment,  and  that  the  quantity  of  sugar  excreted  is  distinctly 
progressive  up  till  death. 

That  the  operation  itself  is  a  most  fatal  one,  will  be  seen  by  the 
following  table,  in  which  is  given  the  results  of  the  eight  experiments 
of  complete  removal  of  the  pancreas  I  performed : — 


Total  Extirpalum  of  the  Pancreas  in  Dogs. 


No.  of 

Animars 

Weight  in 

Kilos. 

Quanti^r  of  Sugar 
in  Urine. 

Animal 

Supposed  cauce  of 

EzperimeDt. 

Lived. 

Death. 

VIII. 

12-8 

Ko  Qiine  passed. 

i  hour. 

Shock. 

VII. 

120 

>>          it 

4  hours. 

If 

*           IV. 

10-0 

Sagar  present. 

28     „ 

if 

VL 

14  •& 

Nonrine. 

«       n 

„+h8emorr]]age. 

V. 

13-5 

i9 

8     „  » 

Hemorrhage. 

I. 

187 

2  per  oent. 

46     „ 

Peritonitis. 

11. 

11  0 

1  '5  per  cent. 

40^  „ 

Gangrene. 

HI. 

! 

ISO 

1 -08-8 '1  percent 

5dsy8. 

»i 

It  waB  clearly  ascertained  that  the  sugar  excreted  by  the  dogs, 
after  extirpation  of  the  pancrea»,  was  true  grape-sugar,  and  not 
maltose.    I  will  cite  one  case  proving  this  fact. 

In  the  urine  of  the  dog  in  the  case  of  Experiment  IL  the 
quantity  of  sugar  estimated  by  titration  was  147  per  cent,  and 
the  quantity  of  sugar  estimated  by  polarisation  was  1*5  per  cent. 
These  figures  being  so  near,  show  that  it  was  true  grape-sugar 
that  was  in  the  urine,  and  not  maltose. 

The  cause  of  death  in  the  above  cases,  as  is  seen,  was  much 
the  same  as  in  those  where  Senn  removed  the  gland,  except  that 
I  found  haemorrhage  less  frequently  &tal  than  shock. 
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Destruction  of  the  Pancreas  in  Babbits. 

The  anatomy  of  the  pancreas  in  rabbits  is  entirely  different 
from  what  it  is  in  the  dog,  inasmuch  as  the  organ  extends  over 
a  far  greater  area,  in  consequence  of  its  spreading  out  into  a 
number  of  fine  ramifications  in  the  mesentery.  Consequently 
the  rabbit's  pancreas  presents  insurmountable  anatomical  diffi- 
culties in  the  way  of  its  removal  by  the  knife.  This  being  the 
case,  I  destroyed  it  bit  by  bit  with  the  galvanic  cautery, 
touching  each  little  branch  of  the  gland  separately;  and  the 
small  haemorrhages  that  threatened  during  the  procedure  were 
stopped  in  the  same  way. 

Experiment  IX. — A  rabbit,  weighing  1894  grammes,  was  ansBSthe- 
tised  with  ether,  and  the  pancreas  destroyed  in  the  manner  described 
by  the  galvanic  cautery.  No  urine  had  passed  on  the  following  day, 
but  on  the  next  day  30  c.c.  of  urine  was  obtained.  The  urine  was 
acid,  and  contained  no  albumen ;  but  sugar  was  detected  in  it  by 
means  of  Fehling's  solution  and  yeast.  On  the  third  day  15  c.c.  of 
mine  was  obtained,  which  contained  1  *6  per  cent  of  sugar.  The  rabbit 
died  in  the  afternoon. 

Autopsy, — Abdominal  wound  healthy  and  firmly  closed.  On  open- 
ing the  abdominal  cavity,  an  acute  peritonitis  was  discovered.  The 
cause  of  it  was  found  to  be  a  perforation  in  the  duodenum,  3  inches 
from  the  pylorus,  of  about  the  size  of  a  threepenny  piece,  through 
which  the  intestinal  contents  had  entered  the  peritoneal  cavity.  The 
perforation  was  probably  caused  by  the  galvanic  cautery  having 
injured  the  peritoneal  coat  of  the  duodenum,  and  led  to  a  perforat- 
ing ulcer.  No  pancreas  could  be  recognised  on  a  careful  examina- 
tion. 

Thus,  we  have  sugar  appearing  in  the  urine  of  a  rabbit,  after  the 
destruction  of  its  pancreas,  the  same  as  in  the  dogs.  The  animal  had 
in  the  four  days  lost  279  grammes  in  weight,  notwithstanding  that  he 
had  as  much  bread  and  water  as  he  could  eat. 

Experiment  X. — In  a  large  rabbit  (under  ether),  weighing  2327 
grammes,  the  pancreas  was  destroyed  with  the  galvanic  cautery.  The 
next  morning,  as  he  seemed  tolerably  well,  he  was  given  bread  and 
milk,  which  be  immediately  ate.  Four  hours  later  he  was  found  lying 
on  his  side,  and  soon  after  died.  No  urine  had  been  passed,  but  the 
bladder  contained  50  c.c.  of  acid  urine,  which  gave  the  sugar  reaction 
both  with  Fehling's  solution  and  yeast.  The  quantity  of  sugar,  esti* 
mated  by  titration,  was  found  to  be  1*412  per  cent. ;  the  quantity  of 
nitrogen,  estimated  by  Kjeldahrs  method,  being  0*5712  grammes.  No 
albumen  was  present. 

Auiop»\i.-^QVjA  healthy.  Found  conunencing  adhesions  around 
parts  destroyed  by  galvanic  cautery.     TherQ  appeared  to  have  been 
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no  pancreas  left  All  the  other  organs  seemed  healthy.  No  hsemor* 
rhage,  so  the  death  was  supposed  to  have  been.due  to  shock — at  least, 
no  other  cause  for  it  was  discoverable. 


Eocperimeni  XL — ^A  rabbit,  weighing  1882  grammes,  while  under 
ether,  had  its  pancreas  destroyed  by  the  galvanic  cautery.  The 
following  day  it  was  so  well  as  to  take  milk.  The  urine  passed 
during  the  night  was  imfortunately  lost.  On  the  second  day  83  c.c. 
of  acid  urine  were  collected.  They  contained  no  albumen,  but  1  *5  per 
cent,  of  sugar ;  the  quantity  of  nitrogen  found  by  Ejeldahl's  method 
being  1*7196  grammes. 

On  the  third  day,  although  it  drank  milk,  it  would  eat  nothing.  Forty* 
three  c.c.  of  acid  urine  were  obtained,  containing  1  '7  per  cent,  of  sugar 
and  0*6239  grammes  of  nitrogen ;  fourth  day,  83*5  c.c.  of  urine,  con- 
taining only  0*5  per  cent,  of  sugar,  while  the  nitrogen  was  still  0*4210 
grammes.  The  urines  of  the  next  three  days  were  useless,  owing  to 
their  having  got  mixed  with  milk.  I,  therefore,  now  only  gave  it 
water,  greens,  and  bread.  On  the  eighth  and  ninth  days  the  urine 
contained  only  traces  of  sugar.  The  rabbit  had  then  lost  62  grammes 
in  weight,  although  it  had  been  feeding  well  for  the  last  four  days. 
The  mine  was  tested  from  time  to  time  for  sugar  after  this,  but  always 
gave  negative  results.  The  animal  lived  for  61  days  after  the 
operation ;  and  from  its  having  died  during  an  excessively  cold  night 
(Norway  being  exceptionally  cold),  and  being  greatly  emaciated 
(having  lost  737  grammes,  nearly  half  its  weight,  and  that,  too, 
notwithstanding  it  had  for  some  time  been  taking  food  remarkably 
well),  its  death  was  attributed  partly  to  the  effects  of  cold. 

Autopsy, — Liver,  spleen,  and  kidneys  normal ;  but  of  the  pancreas 
no  glandular  tissue  could  be  recognised,  although,  I  think,  there  might 
have  been  some  remnants  of  the  pancreatic  tissues  left  here  and  there 
that  were  undetectable  among  the  many  adhesions.  Throughout  the 
body  were  marked  signs  of  emaciation,  no  fat  being  recognisable  any- 
where. Muscles  very  lax.  The  urine  found  in  the  bladder  contained 
no  sugar.  The  fact  of  the  sugar  having  only  been  met  with,  to  any 
marked  extent,  in  the  animal's  urine  during  the  first  four  days  after 
the  operation,  and  none  subsequently  to  the  ninth,  while  the  emacia- 
tion was  markedly  progressive,  (as  great  emaciation  is  often  met  with 
in  the  human  subject  suffering  from  pancreatic  disease  without  there 
being  any  concomitant  diabetes)  the  question  naturally  arises,  may 
this  not  be  due  to  a  sufficiently  large  portion  of  the  pancreas  being 
left  healthy,  and  thus  prevent  the  occurrence  of  the  diabetes,  though 
there  may  not  be  sufficient  of  the  pancreatic  gland  in  a  normal 
condition  to  prevent  the  emaciation  ? 

If,  then,  some  of  the  pancreas  was  accidentally  left  intact  in  this 
case,  it  is  quite  possible  that  it  might  yet  have  been  insufficient  at  firat 
to  split  up  or  destroy  the  sugar  (in  the  manner  I  shall  explain  in 
another  paper),  and  hence  the  diabetes.  But  that,  later  on,  when  the 
immediate  effects  of  the  shock  had  passed  off,  the  portion  of  the 
pancreas  left  was  quite  sufficient  to  prevent  the  diabetes.     It  will 
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be  presently  shown  ihett  a  Tery  small  portion  of  &e  gland  is  aU  that 
is  necessary  to  prevent  diabetes  occurring. 

The  great  wasting  might  also  be  explained  by  the  ducts  haying 
been  destroyed  along  with  the  greater  part  of  the  gland,  and  that^  as 
a  consequence,  little  or  no  pancreatic  juice  entered  the  intestines  to 
aid  in  the  proper  digestion  of  the  food  and  render  it  fit  for  assimilation. 

I  am  somewhat  doubtful,  however,  of  the  above  opinion  that  some 
of  the  gland  remained  is  the  correct  explanation  of  the  fact,  as  it 
has  been  before  stated,  Heyden  found  that  sugar  disappeared  for  a 
time  from  the  urine  of  some  of  the  dogs  he  experimented  upon,  not- 
withstanding that  none  of  the  pancreas  was  left  remaining.  And  I 
have,  I  think,  a  more  plausible  explanation  to  give  of  this  fact  in 
a  paper  on  the  pathogenesis  of  diabetes  now  in  hand. 

Experiment  XIL — ^Destroyed  in  a  rabbit,  weighing  2300  grammes, 
the  whole  of  the  pancreas  with  the  galvanic  cautery  while  it  was 
under  the  influence  of  ether.     It  was  found  dead  on  the  following 
morning,  but  fortunately  42  c.c.  of  pale  tirine  had  been  collected 
and  it  contained  0*314  per  cent,  of  sugar. 

Autopsy, — No  pancreatic  tissue  was  detectable,  and  no  other  cause 
of  death  than  supposed  shock  was  recognisable. 

The  subjoined  table  represents  the  results  obtained  in  these  four 
experiments  on  rabbits : — 

Total  Destruction  ofihe  Pocncreas  in  Rabbits, 


Experinient. 


XII. 

X. 

IX. 

XI. 


Weight  of 
Animal  in 
grammes.  \ 


*2300 
2327 
1894 
1882 


Sugar  in 
Urina. 


D'Sl    percent 

1-412 

1-6 

17 


It 


•I 


Lived. 


16  hoars 
22    „ 
8  days 

61    „ 


Oause  x)f  Death. 


Shock. 

Perfonrtion. 

Maragmiu .+ extrane  cold. 


We  see,  then,  that  the  total  destruction  of  the  pancreas  in 
rabbits  causes  diabetes,  just  as  it  does  in  dogs,  and  that  the 
sugar  in  their  urines  is  likewise  grape-sugar  and  not  maltose, 
as  was  shown  in  tihat  of  Experiment  IX,,  in  which  the — 

Sugar  estimated  by  titration      =  1'615  per  cent. 
„  „  polarisation « 1*520        „ 

I  now  come  to  the  consideration  of  another  set  of  experiments 
on  the  pancreas,  viz.,  those  performed  with  the  view  of  afloer-> 
taining  the  effects  of  its  partial  destruction  on  sug&r  excretion. 
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Partial  Destruction  of  the  Pancreas  in  Dogs. 

In  the  following  two  cases  only  did  I  think  it  necessary  to 
merely  remove  portions  of  the  pancreas,  as  it  had  been  already 
done  with  negative  results  by  Von  Mering,  and  the  results  I 
obtained  were  exactly  the  same. 

JSxperimeiU  XIIL — In  a  dog^  weighing  10  kilos.,  the  pancreatic 
duct  was  doubly  ligatured,  and  the  duodenal  portion,  as  well  as  the 
head  of  the  gland,  removed.  None  of  the  urine  collected  after  the 
operation  contained  sugar.     The  dog  died  in  26  hours. 

Autopsy. — Liver,  kidneys,  and  spleen  appeared  normal  The  sub- 
gastric  portion  of  the  pancreas  only  remained,  and  it  was  of  the 
normal  colour.  The  bladder  contained  10  c.c.  of  acid  urine,  which 
neither  gave  a  reduction  with  Fehling's  solution  nor  fermented  with 
yeast. 

Experiment  XIV, — From  a  dog,  weighing  12  kilos.,  the  subgastric 
portion,  with  the  head  and  duct  of  the  pancreas,  were  removed. 
Though  the  dog  lived  five  days,  the  urine  never  contained  a  trace  of 
sugar. 

Autopsy. — All  the  abdominal  organs  seemed  healthy.  Only  the 
duodenal  portion  of  the  pancreas  remained.  The  animal  died  of 
pneumonia. 

In  both  of  these  cases,  although  the  different  ends  of  the  gland 
were  removed  along  with  the  head  and  the  common  duct,  and  no 
pancreatic  juice  could  find  its  way  into  the  alimentary  canal,  there 
was  yet,  as  we  see,  no  diabetes. 

I  will  now  cite  two  cases  in  which  the  greater  part  of  the  pancreas 
was  rendered  perfectly  useless,  although  it  was  not  removed. 

Experiment  XV. — ^The  pancreatic  duct  of  a  large  dog,  weighing 
23i^  kilos.,  was  doubly  ligatured,  and  the  portion  of  the  gland  lying 
between  the  ligatures  excised.  The  remamder  was  then  all,  except 
the  subgastric  part,  isolated  by  ligatures.  On  the  following  day  the 
dog  was  very  quiet,  did  not  even  so  much  as  move.  In  the  evening 
she  died ;  that  is  to  say^  in  a  little  over  30  hours  after  the  operation. 

The  amount  of  urine  collected  during  this  time  was  300  c.c. ;  it 
had  an  acid  reaction,  but  contained  neither  sugar  nor  albiunen. 

Autopsy, — There  was  a  little  blood-stained  fluid  in  the  abdominal 
cavity.  The  part  of  the  pancreas  which  was  so  completely  isolated 
by  the  ligatures  that  it  had  no  connection  with  the  circulation 
whatever,  and  consequently,  for  all  practical  purposes,  was  as  useless 
as  if  it  had  been  entirely  removed  from  the  animal's  body,  was  found 
to  have  a  dark  purple  colour.  While  the  left  end  of  the  subgastric 
portion,  which  formed  less  than  one-eighth  of  the  whole  gland,  was  of 
perfectly  normal  appearance,  and  had  presumably  continued  to  per- 
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form  the  function  of  sugar  destruction.     To  this  fact  I  attribute  the 
absence  of  sugar  from  the  urine. 

As  all  the  other  organs  were  apparently  healthy,  the  death  of  the 
dog  was  thought  to  be  due  to  the  shock  of  the  operation. 

ExperimeTd  XVL — A  dog,  weighing  20*9  kilos.,  was  operated  on 
exactly  as  in  the  preceding  experiment,  only  a  very  small  portion  of  the 
subgastric  portion  of  the  pancreas  being  left — certainly  not  more  than 
a  piece  the  size  of  a  nut  The  urine  collected  in  the  first  six  hours 
contained  0*046  per  cent,  of  sugar,  while  the  urine  collected  on  the 
following  morning  gave  no  sugar  reaction  at  alL  The  dog  died  42 
hours  after  the  operation. 

Autopsy, — All  the  pancreas  that  had  been  included  in  the  liga- 
tures was  of  a  dark  purple  colour.  The  free  tip  of  the  subgastric 
portion  alone  being  of  normal  appearance.  The  upper  one-third  of 
the  duodenum  was  somewhat  darkish,  as  if  it  were  in  a  state  of  com- 
mencing gangrene.  The  bladder  contained  2  c.c.  of  urine,  which  had 
no  sugar  in  it. 

Experiment  XV I L — On  a  dog,  weighing  12  kilos.,  the  operation 
was  somewhat  modified.  This  time  the  main  duct  of  the  pancreafi 
being  doubly  ligatured,  and  the  portion  lying  between  the  ligatures 
removed.  The  end  of  the  duodenal  portion  of  the  gland  was  then 
also  removed,  and  the  main  artery  supplying  the  subgastric  portion 
ligatured. 

On  the  following  day  the  dog  seemed  well,  and  225  c.c.  of  a  pale 
yellow  urine  were  collected,  which  contained  traces  of  sugar,  the 
amount  of  nitrogen  by  Kjeldahl's  method  being  2*097  grammes.  On 
the  second  day,  160  c.c.  of  high-coloured  urine  were  collected;  but, 
contrary  to  the  specimen  of  the  day  before,  it  contained  no  sugar. 
The  nitrogen  amounted  to  2*437  grammes.  On  the  third  day  the 
dog  was  exceedingly  quiet,  and  could  not  be  induced  to  eat.  He 
died  in  the  afternoon,  having  passed  220  c.c.  of  a  high-coloured  urine, 
which,  like  that  of  the  previous  day,  was  totally  devoid  of  sugar. 
The  urine  contained  urobilin,  as  in  Experiment  I. 

Aufopaij. — There  was  a  very  diffuse  peritonitis.  The  various 
abdominal  organs  were  somewhat  congested.  In  the  part  of  the  pan- 
creas that  remained  were  a  few  smaU  abscesses,  from  the  size  of  a 
pin's-head  to  that  of  a  pea. 

For  the  sake  of  easy  comparison,  I  again  represent  the  results 
obtained  in  these  cases  of  partial  removal,  or  destruction  of  the 
pancreas  in  the  dog,  in  a  tabular  form  : — 


[Tabls. 
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Partial  Removal  or  DedrucHcn  of  the  Pancreas  in  Dogs. 


No.  of 
Experiment 

Animars 

Weight  in 

KUos. 

Sagai  in  Urine. 

Lired. 

Cause  of 
Death. 

XIIL 

XV. 

XVI. 

XVII. 
XIV. 

100 
23-6 
20*9 

12  0 
12-0 

No  sugar. 

It 
In  first  six  hours  0*04  per 

cent. ;  no  sugar  found 

afterwards. 
Traces  at  first ;  none  after- 

ward& 
No  sugar. 

26  hours. 
SO     „ 
42     „ 

8  days. 

5          M 

Shock. 

^  »» 

Gangrene. 

Peritonitis. 

Pneumonia. 

From  this  we  see  that  the  cause  of  the  dogs*  deaths  in  the 
partial  is  veiy  much  the  same  as  in  the  total  removal  of  the 
pancreas.  In  two  of  the  cases  there  was,  immediately  after  the 
operation,  sugar  in  the  urine,  though  none  afterwards.  The 
presence  of  the  sugar  immediately  after  the  operation  might 
possibly  be  accounted  for  by  the  chloroform  used ;  but  as  very 
little  chloroform  is  needed  in  dogs  first  narcotised  with  morphine 
and  atropine,  I  cannot  regard  this  idea  as  being  a  valid  one.  It 
is  far  more  probable,  I  think,  that  the  manipulations  necessary 
in  the  operation  so  disarranged  the  part  of  the  pancreas  that 
remained,  that  its  sugar-destroying  function  was  for  a  short  time 
put  in  abeyance,  while,  so  soon  as  it  had  recovered  from  the 
effects  of  the  operation,  it  was  again  able  to  carry  on  its  sugar- 
destroying  function,  and  hence  no  more  appeared  in  the  urine. 


Partial  Destruction  of  the  Pancreas  in  Rabbits. 

I  will  only  cite  two  cases  in  full,  and  give  the  others  in  a 
tabular  form,  as  the  results  obtained  corresponded  exactly  with 
those  obtained  from  the  dog. 

Experiment  XVllL — Destroyed  the  greater  part  of  the  pancreas 
of  a  rabbit,  weighing  1672  grammes,  with  the  galvanic  cautery.  On 
the  following  morning  15  o.  a  of  urine  were  collected,  which  contained 
no  sugar.  Nitrogen  was  foimd  to  be  0*4587  grammes.  He  was  then 
given  bread  and  milk.  In  the  next  four  and  twenty  hours  42  c.c.  of 
acid  was  obtained.  Like  that  of  the  previous  day,  it  contained  no 
sugar;  the  quantity  of  nitrogen  excreted  had  now  risen  to  0*5374 
grammes.     During  the  following  night  the  animal  died. 


218      BB  TAUOHAN  HARLET  ON  PATHOLOGICAL  EVIDENCS 

Aut(q)9y, — ISo  apparent  cause  of  death  could  be  foaDd.  The  part 
of  the  pancreas  that  remained  seemed  normal. 

Experiment  XIX. — The  greater  portion  of  the  pancreas  was 
destroyed  in  a  rabbit,  weighing  2160  grammes,  in  the  same  manner 
as  in  the  aboye.  The  following  day  the  10  c.c.  of  urine  collected  con- 
tained 0*3412  grammes  of  nitrogen,  but  no  sugar.  On  the  next  day 
28  C.C.  of  urine  collected,  likewise  contained  no  sugar.  The  rabbit 
was  fed  on  ordinary  vegetable  diet^  and  although  the  urine  was  tested 
daily,  as  no  sugar  was  ever  found  in  it,  the  animal  was  killed  on  the 
tenth  day.     It  had  lost  304  grammes  in  weight. 

Atitop»^. — The  greater  part  of  the  pancreas,  together  with  the  main 
duct,  seemed  to  have  been  entirely  destroyed.  But  here  and  there 
were  found  perfectly  healthy  parts  of  gland-tissua  The  animaFs  loss 
in  weight  was  probably  due  to  the  absence  of  the  pancreatic  juice 
from  the  alimentary  canaly  and  the  consequent  imperfect  digestion; 
while  the  absence  of  sugar  from  the  urine  may  be  accounted  for  by 
sufficient  glandular  tissue  haTiag  been  left  to  destroy  the  sugar  in 
theUood. 

Partial  Destruction  of  the  Pancreas  in  Rahhits, 


No.  of 
Experiment. 

Weight  in 
grammes. 

Sugar  in  Uriad. 

Lived. 

Cause  of 
Death. 

XX. 

xxn. 

XXL 

XVIIL 

XIX. 

1361 
1365 
2365 
1672 
2160 

None. 

if 
If 
i> 
11 

6  hours. 

10  ,, 
8  , 
8  days. 

10     „ 

Shock. 

Hsmorrhage. 
Unknown. 

Killed. 

Another  seriesr  of  the  same  kind  of  experiments  was  per- 
formed on  cats  with  precisely  similar  resulta 

The  conclusions  I  draw,  from  these  and  all  the  other  experi- 
ments I  carried  out  on  the  same  subject  in  the  Physiological 
Institute  of  Christiania,  may  be  briefly  summed  up  as  follows : — 

1^.  Diabetes  mellitus  is  invariably  produced  in  dogs,  cats,  and 
rabbits  when  the  pancreas  is  completely  removed,  or  rendered 
totally  incapable  of  functioning. 

2nd.  If  only  a  small  portion  of  the  healthy  gland  is  left  in- 
tact, no  diabetes  whatever  occurs.  From  its  requiring  but  a 
very  small  portion  of  healthy  pancreas  to  destroy  or  transform 
the  sugar  normally  existing  in  the  blood,  and  thereby  prevent 
the  occurrence  of  diabetes  mellitus. 

3rd.  The  mere  ligaturing  of  the  ducts  of  the  pancreas  is  not 
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followed  by  the  appearance  of  sugar  in  the  urine,  until  the 
obstruction  has  had  time  to  bring  about  an  atrophy  of  the 
secreting  cells  of  the  gland.  From  which  it  may  be  inferred 
that  the  diabetes  produced  has  nothing  whatever  to  do  with 
the  mere  stoppage  to  the  entrance  of  pancreatic  juice  into  the 
intestinal  canal. 

^ih.  The  appearance  of  sugar  in  the  urine,  after  extirpation 
of  the  pancreas,  is  in  nowise  due  to  the  injury  done  to  the 
nerves  during  the  operation,  but  solely  to  the  total  arrest  of  the 
pancreatic  functions. 

Having  thus,  as  I  think,  clearly  showu  that  a  true  diabetes 
mellitus  can  be  artificially  induced  in  dogs,  cats,  and  rabbits,  I 
may  now  add  that  a  knowledge  of  this  hct,  coupled  with  its 
interpretation,  is  of  great  practical  importance  to  the  physician, 
seeing  that  the  symptoms  and  signs  of  the  disease  as  manifested 
in  these  animals  are  in  all  respects  identical  to  those  met  with 
in  the  severer  and  always  £fttal  forms  of  diabetes  in  man.  To 
wit.  polyuria.  fo\jj>h^gd,  polydipsia,  and  rapid  emaciation,  with 
extreme  muscular  weakness.  And  that,  too,  as  in  man,  being 
not  unfrequently  associated  with  the  appearance  in  the  urine 
of  acetone,  aceto-acetic  acid,  and  )8-oxybutyric  acid  (the  result  of 
excessive  protoid  destruction),  and  the  attendant  fatal  coma. 
These  facts  thus  afford  us  additional  proof  of  the  immense  value 
of  experimental  research  in  the  elucidation  of  morbid  phenomena. 


THE  REPAIR  OF  BONE,  WITH  SPECIAL  REFERENCE 
TO  TRANSPLANTATION  AND  OTHER  ARTIFICIAL 
AIDS.    By  A.  N.  M'Gregor,  HD.,  aiasgow.i    (Plate  IV.) 

The  subject  of  this  article  is  of  importance  both  to  the  anatomist 
and  to  the  surgeon :  to  the  former,  because  the  minute  anatomy 
of  the  processes  of  repair,  and  the  origin  of  these  processes,  are 
still  regarded  as  uncertain ;  and  to  the  latter,  because  an  inti- 
mate knowledge  of  the  means  which  Nature  employs  in  the 
repair  of  bone  lesions  is  necessary  to  one  whose  endeavour  is 
to  facilitate  recovery.  This  twofold  interest  has  stimulated 
researches  which  have  elicited  most  important  discoveries,  par- 
ticularly as  to  the  vitality  of  bone  and  of  periosteum.  We  now 
know  that  these  structures  are  capable  of  living  after  trans- 
plantation, and  that  they  exercise  the  function  of  bone  pro- 
duction in  their  new  position. 

Surgeons  have  made  use  of  this  information,  and  have  trans- 
planted bone  to  repair  lesions  where  the  natural  processes  have 
failed.  There  are,  however,  some  points  of  doubt  as  to  the 
behaviour  of  the  transplant  and  its  value  as  a  bone  producer. 

With  the  object  of  adding  to  our  knowledge  of  the  subject, 
particularly  with  regard  to  the  above-mentioned  points,  the 
author  performed  a  number  of  experiments,  the  details  of  which 
and  the  results  are  embodied  in  this  paper.^ 

The  most  interesting  features  of  a  pathological  museum  are 
the  new  formations  and  results  of  reparative  processes  which 
have  arisen  to  restore  the  functions  of  diseased  parts.  In  lesions 
of  the  osseous  system  these  changes  are  very  remarkable  for 
their  frequency  and  extent. 

Professor  Buchanan's  Museum  in  the  Western  Infirmary  of 
Glasgow  contains  a  unique  specimen  of  compound  double  frac- 
ture of  the  femur  [No.  I.  C.  12],  which  illustrates  in  a  remarkable 

^  This  paper  is  the  substance  of  a  thesis  presented  to  the  University  of  Glasgow 
for  the  degree  of  M.D.,  and  which  receired  commendation. 
'  The  experiments  were  made  while  the  author  was  resident  in  France. 
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way  the  vitaKty  and  productive  power  of  periosteum.  Figure  1 
is  a  drawing  of  the  specimen. 

The  bone  is  broken  in  two  places.  The  middle  piece,  d,  lies 
between,  and  transversely  to,  the  lower  and  upper  ends  of  the 
upper  and  lower  fragments.  This  displaced  portion  is  completely 
necrosed,  but  new  bone  has  been  formed  in  considerable  quantity, 
and  so  distributed  as  to  form  a  sheath  round  the  necrosed  part, 
£^,  B\  and  a  strong  band  of  union  between  the  upper  and  lower 
fragments  in  such  a  way  that  the  function  of  rigidity  is  restored. 
The  lower  third  of  the  shaft,  Ay  is  separated  from  the  upper  frag- 
ment, jB,  by  the  middle  (necrosed)  portion  and  its  sheath  of  new 
bone,  but  attached  to  it  by  a  column,  (7,  0,  of  new  bone,  evidently 
produced  fr'om  the  upper  end  of  the  lower  fragment  where  the 
column  is  almost  directly  continuous  in  its  long  axis,  and  is 
thicker  than  at  its  upper  attachment.  The  junction  of  this 
new  bone  to  the  upper  fragment  takes  place  on  the  inner  side 
of  the  latter  about  2  inches  from  its  lower  extremity.  The 
bony  sheath  of  the  dead  portion  is  attached  to  the  anterior 
surface  of  this  column,  and  also  to  the  lower  end  of  the  upper 
fragment.  This  mass  of  new-formed  bone  joins  the  upper  and 
lower  fragments,  so  that  the  repaired  femur  is  perfectly  rigid. 

The  patient  had  fallen  from  the  rigging  of  a  ship  on  to  the 
deck,  and,  there  being  no  surgeon  on  board,  he  was  placed  in 
his  hammock  without  any  attempt  being  made  at  fixation  of 
the  limb  or  treatment  of  the  wound.  When,  after  some  weeks, 
the  ship  came  into  port  it  was  found  that  the  necrosed  portion 
projected  through  a  suppurating  wound. 

The  experiments  of  Dr  Macewen  ^  have  shown  that ''  isolated 
fragments  of  bone  can  live  even  after  transplantation ; "  and  it 
seems  fair  to  suppose  that  the  fragment  in  this  case  would 
have  lived  but  for  the  septic  condition  of  the  wound.  The 
most  interesting  feature,  however,  is  that,  notwithstanding 
the  presence  of  conditions  so  adverse  to  the  repair  of  tissue, 
this  extensive  new  formation  has  resulted.  The  existence  of 
that  bone  prompts  a  query  as  to  its  origin. 

Dupuytren  held  that  the  periosteum  alone,  through  the 
medium  of  callus — distinguished  as  provisional  and  permanent 

*  Kacewen,  Annals  of  Surgery,  1887,  vol.  vL 
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— WAS  to  be  credited  with  the  power  ot  producing-  bone; 
again,  Wagner  asserted  that  from  the  diploe,  as  well  as  from: 
the  periosteum,  callus  was  formed,  which  became  ossified,  and 
repaired  the  breach  of  continuity  between  two  fragments  of  a 
broken  bona  Paget,  Virchow,  Comil,  and  Billroth  have  declared 
that  new  bone  is  formed  from  yarious  substances,  such  as  extra- 
vasated  blood,  serum,  medullary  tissue,  &e. 

In  the  case  in  point  the  disposition  of  the  new  bone  round 
the  detached  fragment  would  seem  to  demonstrate  that  the 
Titality  of  the  periosteum  had  not  been  destroyed,  but  that  it 
had  lived  and  enclosed  the  original  bone  with  a  sheath  of  new 
bone.  It  is  scarcely  possible  that  the  periosteum  could  have 
produced  the  column  of  bone  which  unites  the  upper  and  lower 
fragments,  for  the  new  formation  does  not  extend  to  the  inner 
edge  of  the  upper  end  of  the  lower  fragment,  and  between  the' 
two  edges  can  be  seen  absorption  spaces  in  the  old  bone.  From 
its  position  over  the  medulla  and  outer  half  of  the  broken  sur- 
face, it  is  more  likely  that  the  new  growth  was  due  to  the 
activity  of  the  medulla,  periosteum  of  the  outer  edge,  and 
perhaps  the  hard  bone  itself. 

The  specimen  shows  grounds  for  the  comparison  of  the  vitality 
of  the  different  parts.  They  were  in  the  same  wound;  the 
detached  portion  of  bone  is  necrosed,  but  its  periosteum  has 
lived  and  given  rise  to  new  bone,  while  the  fragments  which 
retained  their  vascular  connections  have  manifested  a  greater 
amount  of  reproductive  activity.  The  inference  seems  to  be 
that  bone  deprived  of  its  vascular  supply  has  less  vitality  than, 
periosteum  under  the  same  circumstances.  Thus  it  would 
seem  that  periosteum  is  the  most  potent  factor  in  bone  pro- 
duction, since  its  vitality  is  greater  than  that  of  the  medulla 
and  hard  parts. 

Turning  now  to  the  records  of  experimental  work,  we  have,  on  the 
authority  of  Macewen,  that  "  not  only  do  detached  portions  of  bone 
deprived  of  their  periosteum  live  when  reimplanted  in  their  position, 
but  such  portions  are  capable  of  living  after  transplantation.  Parts 
of  the  deeper  layers  of  bone  without  periosteal  connection  have  been 
transplanted  and  lived  and  grown."  It  is  not  stated  whether  the 
transplant  employed  to  fill  up  an  abnormal  cavity  takes  any  active 
part  in  the  cementing  of  itself  to  the  pre-existing  hone  on  which  it  is 
planted.     There  are  expw iments  published  to  ^ow  that  it  does  take 
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fln  actiye  pfltrt  in  the  repair  of  the  breaeh,  bat  the  regnlts  are  open  to 
qoestion^  Kussbaum  ^  relates  a  case  of  firactare  of  the  ulna  in  which 
Kgamentous  union  had  taken  place ;  the  radius  was  mtaet.  He  cut 
down  on  the  seat  of  fracture  and  removed  the  ligamentous  portion ; 
then  he  removed  a  piece  of  the  shaft,  at  the  fractured  end,  2  inches 
long  and  to  half  its  thickness,  and  inserted  it  between  the  ends  of 
the  fragments.  The  wound  healed  well,  and  the  ulna  became  rigid. 
Now,  it '»  not  shown  whether  the  remaining  gap  was  filled  up  from 
the  transplant  or  from  the  rawed  surfaces  of  the  original  fragments, 
though  the  transplant  is  supposed  to  have  been  the  active  agent. 

Macewen  '  pul4ished  a  case  in  which  he  transplanted  chips  of  tibia, 
got  from  a  case  where  he  performed  osteotomy  for  genu  valgum,  in 
place  of  a  hmnerus  lost  by  necrosis.  He  cut  down  to  where  the 
periosteum  was  supposed  to  be  and  inserted  the  chips  of  bone,  witb  ' 
the  result  that  a  considerable  quantity  of  new  bone  was  produced. 
H^re,  too,  the  question  as  to  the  exact  origin  of  the  new  bone  is  not 
definitely  solved,  though  it  is  assumed  that  the  transplants  were  the 
authors.  It  was  not  suggested,  though  it  is  possible,  that  the 
periosteum  survived  the  death  of  the  bone,  and  the  tiunsplants  being' 
inserted  in  its  vicinity  may  have  roiiesed  its  latent  power  of  bone  pro- 
duction. The  great  vitality  of  the  periosteum  is  illustrated  in  the 
first  case  cited,  and  is  not  a  i&re  thing  to  see  necroses  of  the  whole- 
shafts  of  bones  encased  in  new  bone  which  could  only  arise  from  the 
periosteum. 

Trueheart '  records  a  case  in  which  he  grafted  pieces  of  periosteum 
to  restore  the  middle  third  of  a  clavicle  which  had  been  shot  away. 
Fresh  transplants  were  inserted  three  times  a  month  for  two  months, 
when  2^  inches  of  bone  had  been  produced.  The  periosteum  was 
from  a  newly-killed  dog.  This  example  testifies  to  the  remarkable 
vitality  of  periosteum,  for  it  lived  and  produced  bone  after  trans- 
plantation into  an  animal  of  a  different  species. 

Dr  Moore  ^  gave  the  history  of  a  case  in  which  he  believed  that  an 
inch  of  new  bone  was  produced  from  the  medulla  alcme.  He  reduced 
an  old  dislocation  of  the  hip^  the  head  of  the  femur  being  on  the 
dorsum  ilii,  by  section  of  the  surgical  neck  and  continued  extension. 
Bony  union  took  place.  Subsequently  he  found  at  the  post-mortem 
examination  that  new  bone  had  been  formed  between  the  shaft  and 
the  head  of  the  bone  to  the  extent  of  1  inch.  He  excludes  periosteal 
aid,  because  that  structure  could  not  have  stretched,  and  therefore 
giv^  out  as  his  opinion  that  the  new  formation  was  attributable  to 
the  medulla.  It  seems  equally  reasonable  to  argue  that  in  simple 
fractures  the  medulla  alone  repairs  the  mischief,  the  only  difference 
bemg  that  there  is  a  greater  amount  of  intermediary  callus  in  the 
former  case. 

Taking  advantage  of   the    osteogenic    property  of  periosteum, 

^  Medical  Times  and  OazeUCf  1875,  voL  i.  p.  44. 
'  Lancet,  1881,  vol.  i.  p.  875. 
'  Medical  Press  and  Beeord,  1885,  Oct  21,  p.  882, 
*  Lofncet^  July  1,  1882,  p.  108. 
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Sohflller^  artificially  increases  the  growth  of  bone  by  producing  a 
chronic  inflammatory  process  of  moderate  intensity.  His  methods 
are : — "  1.  Production  of  a  passive  hypersamia  of  the  part  by  means 
of  a  constricting  elastic  band  round  the  limb.  2.  By  placing  the 
patient  in  such  a  favourable  position  as  will  best  fkcilitate  bone 
growth.  3.  Ck>n8titutional  treatment.  4.  By  local  operations,  such 
as  the  insertion  of  steel  pins.''  Following  on  the  same  lines, 
Mickuliez^  employed  them  successfully  in  cases  of  pseudarthrosis. 
He  cut  through  the  soft  parts  and  periosteum,  and  inserted  turpentine 
dressings  under  the  latter.  The  dressings  were  renewed  every  three 
days.  Oilier,  with  the  same  object,  employed  the  method  of  driving 
in  lead  nails. 

Seydel,^  in  a  case  of  fracture  of  the  parietal  bone,  filled  up  the  gap 
*  with  chips  of  tibiee,  the  periosteum  being  retained. 

The  above  quotations  show  that  bone  still  in  possession  of  its 
vascular  supply  is  capable  of  very  extensive  new  formation,  that  this 
power  is  present  to  a  high  degree  in  the  periosteum — ^perhaps  on 
account  of  its  greater  vascularity — and  to  a  much  lower  degree  in 
the  medulla  and  hard  parts.  The  question  as  to  the  mode  in  which 
the  transplant  acts  has  exercised  the  minds  of  scientists ;  Dr  Macewen 
submits  two  propositions : — (1)  That  the  soft  parts  of  the  transplanted 
bone  live,  and  the  hard  parts  become  incorporated  with  the  new- 
formed  bone ;  and  (2)  that  the  transplant  acts  only  as  a  provisional 
prop,  which  is  ultimately  softened,  absorbed,  and  got  rid  of  by 
excretion. 

There  is  another  way  in  which  the  transplant  may  act,  and 
this  explanation  is  based  on  the  results  of  the  experiments  about 
to  be  narrated,  viz.,  that  the  transplant  retains  its  original  com- 
position, takes  little,  active  part  in  the  production  of  bone,  and 
exists  passively,  fixed  by  the  newly-formed  osseous  tissue  which 
is  mainly  the  product  of  the  original  bone.  It  is  virtually  a 
comparatively  non-irritant  foreign  body — for  no  foreign  body 
can  be  absolutely  non-irritant — which  by  its  bulk  fills  up  a 
pre-existing  cavity,  which  has  little  influence  on  new  formative 
processes  apart  from  the  mechanical  irritation  of  its  presence, 
and  which,  by  its  bulk  and  rigidity,  hastens  recovery  by  neces- 
sitating a  less  amount  of  new  formation. 

In  presenting  details  of  the  experiments  it  should  be  remarked 
that  every  case  is  put  down  irrespective  of  the  result.  The  causes 
of  failure  are  apparent,  and  may  here  be  prefaced : — ^In  the  first 
place,  those  numbered  I.,  IL,  III.,  VI.,  and  VIII.  were  attempts 

'  Berliner  Klinisehe  Wochtnaehr\ft,  Jan.  14,  1890. 

>  Medical  News,  July  6,  1890. 

*  CeniralblaU/Ur  Chirurgie,  March  28,  1890. 
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to  substitute  boue,  degelatinised  by  boiling,  for  the  piece  of 
bone  excised.  They  were  all  unsuccessful.  It  was  with  the 
object  of  discovering  whether  the  calcareous  framework  of  bone 
would  be  utilised  by  the  organism  in  the  production  of  new  bone 
either  by  absorption  and  re-deposition  or  by  the  filling  of  the 
interstices  with  callus  and  bone  corpuscles.  The  failures  may 
not  prove  that  the  impossible  was  attempted,  but  a  comparison 
with  the  results  of  the  transplantation  of  living  bone  shows  the 
latter  to  be  more  practicable.  While  these  experiments  were 
in  progress  the  Medical  News^  published  the  results  of  Hopkins' 
experiments,  in  which  he  found  that  sterilised  bone,  placed  in 
contact  with  living  bone  under  favourable  conditions,  becomes 
absorbed,  and  when  placed  in  contact  with  the  periosteum 
undergoes  organisation.  The  other  failures  were  due  to  the 
difficulty  of  administering  chloroform  to  rabbits,  and  of  applying 
suitable  apparatus  to  insure  rigidity  of  the  limb. 

Experiment  L — On  March  27,  1890,  a  rabbit  was  chloroformed, 
the  fur  of  its  left  hind  leg  removed,  and  the  skin  well  washed  with 
carbolic  solution  (1 :  20).  An  incision  was  made  over  the  tibia,  and  1 
inch  of  its  shaft  removed,  and  replaced  by  a  similar  piece  of  bone 
vhich  had  been  boiled  for  eight  hours,  and  then  kept  for  twelve  hours  in 
corrosive  sublimate  solution  (1 :  1000)  till  operation  time,  when  it  was 
warmed  in  a  1 :  2000  solution.  Salol  dressings  and  lateral  splints  were 
applied. 

April  1. — The  animal  died  to-day.  Since  the  operation  it  has 
grown  much  thinner.  The  dressing  contained  a  small  quantity  of 
serous  discharge ;  the  skin  wound  was  closed,  and  no  trace  of  suppura- 
tion found.  The  foreign  bone  was  in  good  position,  surrounded  by 
a  sheath  of  fibrinous  matter.  On  gently  separating  it  a  quantity  of 
plastic  material  was  found  projecting  from  the  original  bone  to  the 
medulla  of  the  foreign  bone ;  it  had  a  fibrous  appearance,  and  was 
pink  in  colour.     No  pus  was  seen. 

Experiment  IL — On  April  2  a  rabbit  was  put  under  the  influence 
of  chloroform  and  the  previous  operation  repeated,  the  only  difference 
being  that  the  bone  had  been  boiled  for  fifteen  hours. 

April  9. — To-day  the  dressings  were  undone,  and  found  to  contain 
a  little  blood  and  serous  fluid.  The  position  was  good,  and  primary 
union  of  the  skin  had  taken  place.     No  sign  of  suppuration. 

April  14. — To-day  the  rabbit  died.  The  foreign  bone  had  so  altered 
in  position  as  to  lie  at  right  angles  to  the  original  bone.  Suppuration 
had  taken  place ;  the  pus  was  thick,  and  of  a  creamy  colour,  it  had 
no  smell,  nor  had  it  found  exit.     The  skin  wound  had  closed. 

^  Medical  Nem,  July  18, 1S90. 
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Experimeint  III, — ^Apnl  "9. — Today  a  rabbit  was  chloroformed,  and 
after  the  usual  preparations  received^  in  place  of  |  of  an  inch  of  its 
tibia,  a  similar  sized  piece  of  bone,  which  had  been  boiled  twenty- 
one  hours.     Dressings  and  splints  were  applied. 

April  19. — Dressings  were  undone  to^ay;  the  wound  is  healed, 
.and  the  bone  is  in  good  position. 

April  26. — The  dressings,  on  being  removed^  disclosed  the  end  of 
the  foreign  bone  projecting  through  the  skin,  which  had  sloughed ;  it 
was  lying  loose  in  a  small  quantity  of  pus,  and  was  extracted  without 
difficulty.     Dressings  were  reapplied. 

May  9. — The  wound  is  healed,  and  the  xabbit  is  well. 

Experiment  IV, — April  9. — To-day  a  second  rabbit  was  aneesthetised, 
tmd,  after  the  usual  preparations,  an  incision  was  made  over  the 
tibia,  and  f  of  an  inch  of  the  tibia  removed.  In  its  place  the  piece 
removed  from  the  preceding  rabbit  was  inserted,  the  transplant 
having,  in  the  interval,  lain  in  a  warm  1 :  2000  solution  of  hyd. 
bichlor.     The  wound  was  sutured,  and  salol  dressings  applied. 

April  19. — To-day  the  dressings  were  undone,  and  found  to  contain 
a  quantity  of  serous  discharge  from  the  lower  comer  of  the  wound^ 
where  a  stitch  had  cut  through  the  skin.  The  wound  appeared  to  be 
aseptic,  and  the  transplant  in  good  position. 

April  24. — ^On  removing  the  dressings  to4ay  it  wm  found  that  iiie 
skin  had  sloughed,  owing  to  the  altered  position  of  the  transplant, 
which  was  lying  loose.    It  was  removed  and  the  wouaad  dressed. 

Experiment  V. — The  first  mbbit  to  hare  heen  operated  on  to-day 
died  under  -chloroform ;  a  piece  of  its  tibia  was  excised  and  kept 
warm  in  a  solution  of  hyd.  perchlor.  (1  :  2000).  The  bone  had  been 
Btripped  of  its  periosteum. 

The  second  rabbit  received  this  fragment  in  place  of  the  middle 
third  of  its  humerus  twenty  minutes  after  excision.  The  usual 
dressings  were  applied. 

June  7. — The  dressings  were  undone  to-day.  The  wound  was 
whole,  but  the  transplant  was  slightly  changed  in  position,  so  that 
its  upper  end  was  internal  to  the  lower  extremity  of  the  upper  frag- 
ment of  original  bone. 

June  11. — The  dressings  were  again  undone,  and  it  was  not  thought 
necessary  to  renew  them.  The  transplant  was  firmly  fixed,  and  no 
Bign  of  inflammatofy  mischief  was  apparent.  The  animal  freely  used 
the  leg. 

August  10. — The  rabbit  'was  killed  to-day,  and  its  humerus  with 
the  transplant  were  put  in  a  decalcifying  solution. 

Experimertt  VL — June  11. — To-day  the  left  radius  of  a  rabbit  was 
laid  bare,  and  a  piece  of  the  shaft,  about  1  inch  in  length,  was 
removed  and  put  into  a  warm  (1 :  2000)  solution  of  corrosive  sublimate. 
In  its  place  a  piece  of  bone,  which  had  been  boiled  for  twenty-one 
hours  and  warmed  in  the  above  solutiojo^  was  inserted.     In  this  case 
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ike  mosoles  were  stitclied  together  bj  deep  autores,  bo  as  the  better 
4»  aecnre  the  for^gn  bone. 

June  19. — To-day  the  wound  was  found  quite  healed  up,  the  limb 
seemed  fairly  rigid,  and  the  animal  was  in  good  condition.  The 
cicatrix  was  covered  with  collodion  and  the  splints  reapplied. 

June  23. — A  slight  swelling  has  appeared  at  the  upper  end  of  the 
incision,  and  on  pressure  a  few  drops  of  thick  creamy  pus  exuded. 
The  leg  was  washed  with  carbolic  lotion  (1 :  20)  and  dressings  applied. 

June  30. — The  foreign  bone  came  away  through  the  hole  caused 
by  sloughing  of  the  soft  parts. 

Experiment  VII, — June  11. — This  operation  consisted  in  replacing 
-the  middle  third  of  a  rabbit's  humerus  by  the  piece  of  bone  excised 
from  the  rabbit  previously  operated  on.  The  bone  tmnsplantod  had 
been  about  half  an  hour  in  the  warm  antiseptic  solution. 

June  19. — The  dressings  were  removed  to-day  for  the  first  time. 
The  wound  was  healed,  and  it  was  not  thought  necessary  to  renew 
the  dressings.     The  splints  were  reapplied. 

June  30. — This  rabbit  is  well;  bony  union  lias  taken  place,  though 
not  without  a  considerable  amount  of  deformity. 

September  10. — The  rabbit  was  killed  to-day,  the  bone  and  trans- 
"plant  were  excised  and  put  into  a  decalcifying  solution. 

Heperiment  VIII, — To-day  a  rabbit  had  a  piece  of  degelatinised  bone 
inserted  in  place  of  pacrt  of  the  shaft  of  its  radius.  The  xisual  pre- 
cautions were  taken,  and  salol  dressings  applied. 

July  8. — The  dressing  became  loose  four  days  ago,  the  bandage  being 
gnawed  through  by  the  rabbit  The  bandage  was  reapplied  too  tightly, 
and  the  limb  became  gangrenous. 

Ejspertment  IX. — The  living  bone  from  the  previous  experiment, 
after  lying  in  a  warm  1 :  2000  solution  of  hyd.  bidilor.  for  twenty 
minutes,  was  transplanted  among  the  deep  muscles  of  the  back  of  this 
rabbit-^ne  periostetam.  The  usual  pvecautions  were  taken  to  procure 
asepey. 

July  8. — -The  «kin  is  tense,  "and  shows  signs  of  sloughing.  A  stitch 
«aB  loosened,  but  no  pus  exuded. 

July  20. — Tlie  skin  has  alougbed,  and  the  transplant  is  lying  in 
the  dressing.  (In  this  case  the  transplant  seems  to  have  been  too 
large.) 

Experiment  X — ^August  7. — ^This  rabbit  liad  about  an  inch  t>f  its 
left  radius  replaced  by  a  piece  of  similar  sise  from  the  rabbit  of  the 
next  experiment^  both  being  under  chloroform  at  the  same  time, 
Salol  dressings  and  the  usual  apparatus  were  applied. 

August  14. — Great  difficulty  has  been  experienced  with  this  rabbit, 
it  has  undone  the  dressing  twice  by  gnawing  through  the  bandages 
during  the  night.  Suppuration  has  ensued,  and  failure  is  the 
inevitable  pesult. 
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Experiment  XL — This  operation  consisted  in  the  exchange  of  abont 
an  inch  of  the  shaft  of  the  radius  for  a  like  piece  of  the  previous 
rabbit. 

August  14. — As  in  the  previous  case,  this  rabbit  has  acquired  the 
knack  of  biting  through  its  bandages,  necessitating  a  renewal  of  the 
dressings  twice  since  Uie  operation.  In  this  case,  however,  sepsis  has 
not  occurred. 

August  20. — ^To-day  the  leg  was  dressed,  and  the  transplant  was 
found  displaced,  so  that  one  end  projected  through  the  skin.  An 
attempt  at  withdrawal  showed  how  firmly  it  was  fixed.  Dressings 
were  renewed. 

September  13. — The  animal  was  chloroformed,  and  an  attempt 
made  to  cut  off  the  pnijecting  piece  of  transplant.  The  b<»ie 
splintered,  and  spoiled  the  result 

Experiment  XIL — October  29. — This  rabbit  had  a  portion  of  its 
humerus  excised,  the  periosteum  being  left  and  the  wound  in  it 
stitched.     The  animal  died  shortly  after  the  operation. 

Experhnent  XIIL — October  29. — This  rabbit  had  a  portion  of  its 
humerus  excised  with  the  periosteum,  and  the  bone  from  the  previous 
one  was  inserted. 

October  30. — The  rabbit  undid  the  bandage,  and  another  one  was 
applied. 

November  10. — The  dressings  were  renewed.  The  wound  is  whole, 
and  the  position  of  the  transplant  is  fairly  good. 

November  20. — The  dressings  were  taken  off.  Bony  union  has 
taken  place,  the  transplant  being  in  fair  position. 

January  28. — The  rabbit  was  killed  to-day,  and  the  bone  put  into 
a  decalcifying  solution. 

The  figures  in  Plate  IV.  illustrate  various  stages  of  the  process. 

The  specimen  from  Experiment  V.  showed  that  the  transplant  had 
been  united  to  the  upper  fragment  end  to  end,  and  almost  in  the  same 
plane,  but  to  the  lower  fragment  at  an  open  angle.  Figure  2  is  a 
drawing  of  the  microscopic  section  at  the  jimction  of  the  transplant 
and  upper  fragment.  The  transplant  (a,  a)  for  the  most  part  retains 
its  normal  structure,  but  at  the  upper  end  it  contains  a  number  of 
absorption  spaces  of  various  sizes,  the  largest  being  at  the  end  of  the 
transplant.  In  none  of  the  lacunae  is  there  evidence  of  new  formation. 
The  end  of  the  original  bone  (6)  is  seen  to  be  greatly  excavated,  and 
presents  evidence  of  considerable  new  formation  in  the  spaces  and  in 
the  area  between  it  and  the  transplant.  JBetween  (7^  and  C^  there 
are  numerous  spaces  in  the  new  bone  which  are  connected  in  some 
places,  and  which  are  directly  continuous  with  the  original  bone. 
This  network  of  spaces  is  greater  towards  (7^,  and  the  connection  with 
the  old  bone  is  more  patent  than  at  (7^  where  there  is  a  layer  of 
fibrous  tissue  separating  the  old  bone  from  the  new,  on  the  trans- 
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plant  side  of  which  there  is  an  area  of  granular  fibrous  tissue  in 
process  of  ossification.  The  bone  transplanted  was  stripped  of  its 
periosteum,  and  though  it  has  lived  there  is  little  evidence  of  repro- 
ductive activity,  and  the  new  bone  uniting  it  to  the  original  bone 
seems  to  be  almost  entirely  the  product  of  the  latter. 

The  specimen  from  Experiment  VI.  showed  that  the  transplant  in 
this  case  had  changed  position,  so  that  the  upper  end  of  the  transplant 
is  not  quite  in  the  same  plane  as  the  upper  fragment  of  original  bone. 
Drawing  3  represents  the  transplant,  a,  attached  to  the  original  bone, 
b,  by  a  mass  of  connective  tissue,  c,c,  composed  of  new  bone,  cartilage, 
and  fibrous  tissue.  The  new  bone  is  in  greatest  quantity  near  the 
original  bone,  and  the  fibrous  tissue  is  most  abundant  round  the 
end  of  the  transplant,  but  these  tissues  are  very  irregular  in  disposi- 
tion. The  transplant  contains  very  few  absorption  spaces ;  but  the 
original  bone  is  greatly  excavated,  and  some  of  the  lacunse  are  in 
direct  conmiunication  with  the  new  bone.  The  main  part  of  the 
transplant  is  unchanged  in  structure,  and  shows  almost  no  repro- 
ductive activity. 

Figure  4,  from  Experiment  XIII. — This  experiment  has  resulted  in 
the  fixation  of  the  transplant  to  the  original  bone  a  little  above  the 
lower  extremity  of  the  latter,  primarily  by  means  of  a  false  joint. 
The  rounded  end  of  the  transplant  is  covered  by  a  layer  of  cartilage,  a, 
and  fits  into  a  socket,  the  sides  of  which  are  composed  of  new  bone,  c, 
also  lined  with  cartilage.  This  new  bone  is  distinctly  seen  to  be  the 
product  of  the  original  bone,  and  the  fibrous  tissue  joining  it  to  the 
transplant  is  granular,  and  contains  large  cells,  evidently  becoming 
ossified.  The  head  of  the  transplant  is  greatly  excavated,  and  the 
staining  with  logwood  shows  that  fresh  depositions  of  bone  are  taking 
place  in  the  spaces.  At  that  point  where  the  end  of  the  transplant,  a, 
is  nearest  the  original  bone,  6,  the  two  are  joined  together  by  fibrous 
tissue  containing  large  cells,  and  being  of  a  dark  granular  appearance. 
The  transplant  here  has  undergone  considerable  change  of  structure 
at  its  upper  end,  and  reproduction  is  apparent  in  the  fresh  depositions 
of  bone  in  its  spaces;  but  the  original  bone  has  been  much  more 
active,  since  it  has  produced  sufficient  bone  to  encircle  the  end  of  the 
transplant.  The  ossification  of  the  fibrous  tissue,  d,  between  the  trans- 
plant and  the  new  bone  forming  the  joint  was  so  far  advanced  as  to 
make  the  imion  rigid.  No  synovial  membrane  was  discovered  in  the 
joint. 

The  specimen  demonstrates  the  great  productive  activity  of  the 
original  bone  which  has  so  enclosed  the  foreign  bone,  whose  new 
formations  have  taken  place  mostly  within  itself. 

The  results  of  the  microscopic  examination  of  these  three 
specimens  bear  out  the  statement  made  above,  that  the  trans- 
plant takes  little  part  in  the  production  of  the  bone  which 
unites  it  to  the  original  bone.  They  show  that  the  transplant 
for  the  most  part  retains  its  original  composition,  and  lives. 

VOL.  XXVI.  (N.S.  VOL.  VI.)  Q 


230    DR  A.  N.  M'GREGOB  ON  THE  REPAIR  OF  BONE. 

The  sections  show  the  changes  which  have  occurred  three 
months  after  the  bone  was  transplanted,  and  seem  to  prove 
that  the  transplants  do  not  undergo  absorption  of  their  hard 
parts  so  as  to  completely  alter  this  structure. 

Besides  assisting  in  the  solution  of  the  question  as  to  the 
ultimate  end  of  the  transplant,  these  results  may  be  taken  as 
supporting  the  operation  of  transplantation  of  living  bone  in 
preference  to  insertion  of  decalcified  bone,  ivoiy,  and  other 
substances  which  become  absorbed.  They  seem  to  show  that 
the  vitality  of  the  transplant  is  sufficient  to  dispense  with  the 
method  of  transplanting  one  end  of  the  bone,  and  keeping  the 
animal  in  a  painfully  disagreeable  position  till  union  takes  place 
before  the  operation  is  completed. 

It  is  possible  that  when  the  transplant  acquires  a  better 
vascular  connection  it  may  take  a  share  in  the  production  of 
bone,  and  it  would  be  interesting  to  know  the  condition  o  the 
transplant  six  months  or  a  year  after  the  operation.  There  are 
other  questions  of  interest,  such  as  the  liability  to  fracture,  the 
repair  of  such  a  fracture,  and  the  behaviour  of  the  transplant 
when  the  patient  becomes  affected  by  such  constitutional  diseases, 
as  sometimes  cause  degeneration  and  softening  of  the  union  of 
simple  fractures. 


THE  POSITION  OF  THE  EPIGLOTTIS  IN  SWALLOW- 
ING. By  T.  P.  Anderson  Stuart,  M.D.,  Professor  of 
Physiology,  and  Alexander  M'Cormick,  M.D.,  Lecturer 
on  Surgery,  University  of  Sydney,  N.S.W.,  Australia. 

The  following  case  is  of  interest  to  physiologists  as  throwing 
light  upon  the  functions  of  the  epiglottis,  and  especially  upon 
the  position  occupied  by  it  during  the  act  of  deglutition,  a 
subject  about  which  there  has  been  much  difference  of  opinion. 

A  man,  Dyason,  aged  forty-three,  had  epithelioma  of  the  lower  lip. 
This  was  removed  by  a  V-shaped  incision,  but  in  eight  months  (Dec. 
30,  1888)  a  secondary  infection  of  the  submaxillary  lymphatic  glands 
appeared.  This  was  allowed  to  involve  the  skin  and  infiltrate  the 
surrounding  tissue.  The  skin  ulcerated,  and  the  lower  j  aw  was  invaded. 
Upon  this  a  large  part  of  the  cheek,  the  lower  jaw  from  the  symphysis 
to  the  angle  and  the  contents  of  the  submaxillary  triangle,  were 
removed.     The  wound  healed  well. 

In  sixteen  months  (April  30,  1889),  he  was  readmitted  with  a 
recurrence  in  the  upper  set  of  the  deep  cervical  lymphatic  glands. 
The  skin,  being  infiltrated  and  ulcerated,  was  removed  by  a  long 
incision  along  the  anterior  border  of  the  upper  part  of  the  stemo- 
mastoid  muscle,  joined  by  two  shorter  incisions  so  as  to  enclose  a 
triangla  This  having  been  done,  the  large  vessels  were  defined  at  the 
lower  part  of  the  wound,  when  the  growth  was  seen  to  be  adherent 
to  the  internal  jugular  vein  and  external  carotid  artery.  These 
vessels  were  therefore  extirpated  with  the  growth.  Further,  the 
posterior  belly  of  the  digastric  muscle  lying  on  the  growth,  and 
all  the  soft  structures  beneath  the  growth  right  up  to  the  mucous 
membrane  of  the  pharynx,  were  removed.  This  included  the  hypo- 
glossal nerve  and  a  large  portion  of  the  constrictor  muscles,  as  well  as 
the  greater  part  of  the  greater  comu  of  the  hyoid  bone.  Although 
the  growth  extended  close  to  the  mucous  membrane,  the  latter  was 
apparently  not  invaded,  so  that  it  was  left  in  order  to  avoid  opening 
into  the  pharyngeal  cavity.     The  wound  healed  up  perfectly. 

Three  and  a  half  months  after  this  (August  15,  1889)  he  was  again 
readmitted,  with  a  recxirrence  between  the  skin  and  the  mucous 
membrane  of  the  pharynx  at  the  site  of  the  last  operation.  This 
time,  a  prehminary  tracheotomy  having  been  performed,  the  pharynx 
was  plugged  with  a  sponge,  and  the  wall  of  the  pharynx  with  the 
growth  and  skin  were  freely  removed.  The  ramus  of  the  jaw  was 
disarticulated,  so  that  the  naso-pharynx  was  opened  into.  Part  of 
the  parotid  salivary  gland,  the  pillars  of  the  fauces,  and  the  tonsil 
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were  removed.  Since  the  growth  adhered  to  the  internal  carotid 
artery,  this  vessel,  with  about  one  inch  of  the  common  carotid,  was 
removed  (the  external  carotid  having  gone  in  the  previous  operation). 
The  skin  was  now  sutured  to  the  mucous  membrane  all  round,  and 
the  marginal  wound  healed  perfectly,  so  that  a  large  opening 
remained  as  is  seen  in  the  figures.  In  the  posterior  margin  of  the 
opening  are  contained  intact  the  vagus,  spinal  accessory,  and 
sympathetic  nerves. 

In  the  upper  margin  of  the  hole  a  small  recurrence  appeared  in 
the  parotid ;  this  was  removed  wide  of  the  growth,  and  at  this  time 
the  pes  anserinus  was  taken  away.  By  this  time  the  patient  had 
made  for  himself  a  sort  of  pad,  kept  in  position  by  rubber  bands,  by 
wearing  which  he  could  epeak  and  swallow  comfortably,  and  evidently 
suffered  but  little  inconvenience. 

Four  months  after  this  operation  (July  8,  1890)  a  little  movable 
tumour,  about  1  emu  in  diameter,  appeared  about  2\  cm.  below  the 
mastoid  process  at  the  posterior  border  of  the  stemo-mastoid  muscle. 
This  was  removed  by  a  vertical  incision,  and  at  the  same  time  a  chain 
of  glandulcB  concatenatm  for  about  5  cm.  lower  down  was  dissected 
out.  The  spinal  accessory  nerve  was  exposed  in  the  dissection  and 
some  of  the  stemo-mastoid  branches  divided  in  the  Une  of  the  incision ; 
the  trunk,  however,  remained  intact.  The  wound  speedily  healed. 
There  was  no  sign  of  recurrence  elsewhere ;  and  this  is  the  last  opera- 
tion after  which  the  observations  on  the  epiglottis,  as  hereafter  referred 
to,  were  made.^ 

When  a  glass  plate — ^warmed  to  avoid  the  condensation  of 
vapour — of  the  shape  of  the  opening,  and  a  little  larger  than  it, 
was  laid  over  it,  one  could  see  into  the  pharynx  as  through  a 
window.  But  when  we  attempted  to  observe  the  act  of  deglutition, 
this  method  was  not  successftil,  partly  because  the  presence  and 
pressure  of  the  plate  interfered  with  the  act,  and  partly  because 
the  air  and  food  particles  mixed  with  the  saliva  obscured  the 
parts  inside. 

When,  however,  a  suitable  food  was  chosen,  one  could  observe 
the  behaviour  of  the  epiglottis  during  the  entire  act  of  deglutition 
through  the  open  hole  without  the  slightest  difficulty.  The 
suitable  food  referred  to  was  oysters ;  they  were  rounded,  soft, 
and  slippery,  and — a  matter  of  importance — not  uninviting. 
The  patient  held  the  oyster  on  a  fork  until  we  were  ready,  and, 
on  a  given  sign,  swallowed  it.    Perhaps,  two  times  out  of  three, 

^  I  left  Sydney  at  the  end  of  August  1891,  and  the  man  was  certainly  well 
then  ;  and  I  have  a  letter  from  Dr  M'Cormick,  of  date  Oct.  20,  in  which  nothing 
is  said  of  Dyason,  so  that  I  presume  he  is  still  well.  A.  S. 
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the  bolus  would  escape  by  the  hole ;  but  the  third  time  it  would 
be  swallowed  in  an  apparently  perfectly  normal  manner. 

The  bolus  was  seen  to  pass  from  the  dorsum  of  the  tongue  on 
to  the  epiglottis,  being  received  by  the  latter  within  the  hollow 
at  its  tip.  The  bolus,  therefore,  after  leaving  the  tongue,  comes 
into  contact  with  the  inferior,  posterior,  or  laryngeal  surface  of 
the  epiglottis,  and  glides  along  thus  for  a  certain  distance. 
One  can  thus  readily  imderstand  the  presence  of  the  squamous 
epithelium  and  of  the  taste  bulbs  on  this  surface  of  the 
epiglottis  and  also  why  the  mucosa  is  so  firmly  fixed  to  the 
cartilage  on  this  surface;  indeed  the  lingual  and  lamygeal 
surfaces  of  the  epiglottis  may  be  compared  to  the  dorsum 
and  palm  of  the  hand.  On  the  former  the  integument  is 
freely  mobile ;  on  the  latter  it  is  fixed.  The  former  is  merely 
pressed  against  the  tongue,  whilst  the  bolus  glides  over  the 
latter.  Here,  therefore,  to  meet  the  friction,  the  mucosa  is  fixed 
to  the  deeper  parts.  During  the  entire  act  the  visible  part,  at 
least,  of  the  epiglottis  remains  more  or  less  erect,  firmly  applied 
to  the  tongue.  Never  at  any  time  was  any  folding  backwards 
of  it  seen. 

One  of  us  (A.  S.)  had  a  meal  with  the  patient,  who  had  no 
apparent  difficulty  with  his  food,  whether  solid  or  liquid.  When 
he  had  his  mouthful  masticated  and  ready  for  swallowing,  he 
laid  his  hand  upon  the  pad,  to  more  securely  close  the  opening 
just  as  he  also  does  when  he  speaks,  and  then  he  swallowed 
quite  well.  His  only  common  inconvenience  is  that  sometimes 
in  swallowing  liquids  a  little  remains  behind,  and  when  this  is 
swallowed  it  is  apt  to  get  into  "  the  wrong  throat."  This,  of 
course,  is  quite  easily  understood,  when  we  remember  (1)  the 
imperfectly  contractile  condition  of  the  walls  of  the  channels 
through  which  the  liquid  has  to  pass ;  (2)  that  one  side  of  his 
lower  jaw  being  absent,  the  elevators  of  the  hyoid  can  hardly 
act  so  efficiently  as  normally;  and  (3)  that  the  hypoglossal 
nerve  and  most  of  the  facial  nerve  of  one  side  are  wanting. 
Occasionally  a  little  piece  of  solid  food  gets  against  the  pad ; 
then  it  may  annoy  him  in  the  same  way  as  the  liquid  referred 
to,  but  this  does  not  very  often  happen. 

When  he  performs  the  act  of  deglutition  without  actually 
swallowing  food,  one  sees  the  epiglottis  remain  vertical,  and  the 
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walls  of  the  pharynx  come  forwards  so  as  to  obliterate  the 
pharyngeal  cavity. 

The  epiglottis  stands  very  close  to  the  base  of  the  tongue ;  the 
valleculae  are  not  so  roomy  as  one  would  have  expected^  even 
with  the  tongue  protruded.  When  the  tongue  is  forcibly  pulled 
forwards  the  space  is  increased. 

f  As  usually  described,  the  epiglottis  helps  to  close  the  larynx^ 
,  in  deglutition  partly  because  pressed  down  by  the  base  of  the 
tongue,  and  partly  because  pulled  down  by  the  aryepiglottic 
and  thyroepiglottic  musclea  Czermak  says  that,  its  cushion  be- 
coming more  marked,  the  epiglottis  is  firmly  pressed  from  before 
backwards  upon  the  shut  glottis.  The  diagrams  made  by  Zau£al 
and  reproduced  by  Hermann  (HancUmch  der  Phyaiologie,  Bd.  v. 
pp.  416,  417)  show  this  position.  Now,  this  account  of  the 
epiglottis  certainly  commends  itself,  at  first  sight,  as  very  likely  to 
be  true.  That  the  solids  and  liquids  swallowed  should  not  enter 
the  air-passages  is,  of  course,  necessary,  and  the  folding  down  of 
the  epiglottis  seerifis  as  easy  as  it  appears  natural  and  likely 
to  be  efficient. 

Nevertheless,  doubts  have  been  cast  upon  this  description ; 
and,  from  the  evidence  already  published,  we  might  say  that 
whatever  be  the  function  of  the  epiglottis,  it  certainly  does  not 
fold  down  as  a  lid  over  the  laiynx  in  deglutition.  This  is 
certainly  true  as  regards  solid  food ;  whether  it  may  have  some- 
thing to  do  in  regard  to  liquids,  shall  be  seen  later.  The  purpose 
of  this  paper,  iadeed,  is  to  make  use  of  the  unique  opportunity 
we  have  had  for  giving  the  coup  de  grace  to  the  lid-like  action 
of  the  epiglottis  in  normal  deglutition.  It  is  a  case  which 
permits  us  to  do  for  the  mechanical  aspect  of  deglutition 
something  of  the  sort  that  Dr  Beaumont  was  able  to  do  for 
digestion  in  the  stomach  from  his  observations  upon  the  case  of 
Alexis  St  Martin. 

G.  L.  Walton  {Journal  of  Physiology,  vol.  i.  1878-9)  writes 
a  paper,  the  object  of  which  is  to  show : — "  i.  That  the  epiglottis 
is  not  essential  to  deglutition,  even  of  liquids ; "  but  "  ii.  That 
the  epiglottis  is  an  important  agent  in  the  modification  of  the 
voice."  In  support  of  these  statements,  Walton  gives  the  results 
of  his  own  observations  and  experiments,  and  also  those  of 
previous  investigators,  and  gives  references  to  pathological  cases 
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bearing  on  the  subject.  The  summary  given  by  Walton  as  to 
the  r6le  of  the  epiglottis  may  be  copied  here.  He  says  it  has 
been  shown — ^L  That  the  epiglottis  can  be  removed  firom  dogs 
and  cats  without  interfei-ing  with  deglutition.  iL  That  the 
cases  commonly  quoted  to  prove  the  connection  between  the 
epiglottis  and  the  deglutition  of  fluids  prove  nothing;  not  a 
single  case  having  been  found,  after  a  careful  search  through 
the  reports  of  lar3mgoscopic  observers,  in  which  the  lesion  is 
shown  to  be  limited  to  the  epiglottis,  and  liquids  are  reported 
as  causing  a  cough  on  deglutition,  iii.  There  are  many  cases 
in  which  loss  of  the  epiglottis  has  not  been  followed  by 
difficulty  in  swallowing  liquids,  iv.  That  in  failure  of  the 
glottis  to  close,  the  epiglottis,  if  uninjured,  is  able  to  protect 
the  larynx ;  but,  in  the  normal  condition,  the  presence  of  the 
epiglottis  is  not  essential  to  perfect  deglutition.  It  is  therefore 
only  an  additional  safeguard. 

The  observers  mentioned  by  Walton  are  Marshall,  B^clard, 
Longet,  Moura,  Majendie,  Giulielmini,  Targioni,  Larrey,  Merc- 
klin,  Bonnet,  Pinel,  Percy,  also  Tuerck,  Burow,  Mandl,  Ryland, 
Czermak,  Mackenzie  and  other  writers,  by  whom  such  patho- 
logical cases  seemed  likely  to  be  reported ;  finally  Norton  and 
Revere. 

In  Hermann^s  Handhuch,  two  to  three  years  after  Walton's 
paper,  Sigmund  Mayer,  the  author  of  vol.  v.,  part  2, 1881,  refers 
to  some  of  the  foregoing,  as  also  to  Reichel,  Louis,  Schiff,  and 
others.  Schiff's  writings  are  as  far  back  as  1865  and  1867,  and 
are  those  upon  which  is  based  the  account  of  the  function  of  the 
epiglottis,  viz.,  that  when  completely  extirpated  by  Schiflf's  im- 
proved method  of  operation,  solid  bodies  were  swallowed  without 
any  difficulty  whatever,  and  the  deglutition  of  liquids  excited  only 
a  slight  coughing  that  was  certainly  not  convulsive,  as  it  had 
been  said  to  be  by  Longet.  This  slight  cough,  Schiflf  thinks,  is 
to  be  explained  as  follows.  Small  portions  of  a  swallowed  liquid 
normally  collect  between  the  base  of  the  tongue  and  the 
epiglottis,  and  thence  flow  downwards  and  outwards  into  the 
sinus  pyriformis,  whence  they  readily  reflexly  evoke  a  final  act  of 
deglutition,  with  the  mouth  and  throat  in  the  main  empty,  so 
that  the  whole  of  the  liquid  is  now  swallowed.  When  the 
epiglottis  is  removed,  therefore,  the  liquid,  on  the  one  hand,  is 
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not  guided  into  the  sinus  pyriformis,  so  that  it  is  not  swallowed ; 
while,  on  the  other  hand,  it  is  not  prevented  from  running  down 
into  the  laiynx. 

In  the  present  paper  we  do  not  wish  to  take  up  the  question 
of  the  influence  of  the  epiglottis  in  phonation, — that  shall  be 
done  later  on, — but  solely  that  of  its  place  in  deglutition. 
Further,  one  of  us  (A.  S.),  starting  from  this  case,  has  made 
some  observations  leading  him  to  a  new  conception  as  to  the 
real  mechanism  of  the  closure  of  the  larynx.  This  investigation 
is  in  progress  now,  and  its  result  will  be  communicated  in  due 
time.  These  remarks  are  made  to  show  why  the  scope  of  this 
communication  has  been  purposely  limited  to  a  consideration  of 
what  the  epiglottis  does  not  do,  rather  than  of  what  it  does  do. 

The  logically  possible  conditions  are  as  follows : — 

1.  It  always  folds  down ;  2.  It  usually  folds  down,  but  some- 
times it  does  not ;  3.  It  never  folds  down ;  4.  It  usually  does 
not  fold  down,  but  sometimes  it  does. 

The  study  of  our  case  enables  us  to  negative  1  and  2,  and  in 
regard  to  3  and  4  all  that  we  can  say  is  that  we  have  never 
seen  it  fold  down.  Thus  we  are  able  to  maintain  at  least  4  and 
we  believe  also  3,  for,  since  deglutition  of  liquids  as  well  as  of 
solids  was  quite  perfect,  we  cannot  imagine  any  reason  why, 
in  normal  deglutition,  the  epiglottis  ever  should  fold  down. 
Walton,  however,  believes  that  in  the  mechanism  of  degluti- 
tion the  epiglottis  is  not  absolutely  valueless,  since,  when  the 
glottis  is  from  any  cause  not  able  to  close,  the  epiglottis  then 
acts  as  an  additional  safeguard  to  the  larynx.  In  his  own 
words — "  While  the  epiglottis  is  intact  and  the  glottis  cannot 
close,  no  difl&culty  follows ;"  "  when  the  epiglottis  is  wanting 
and  at  the  same  time  the  glottis  cannot  close,  diflSculty  follows." 
So  that  "  the  epiglottis  is  able  to  close  the  larynx,  and  it  does  so 
when  the  glottis  fails  to  perform  its  duty."  The  evidence  upon 
which  this  opinion  of  Walton  is  based  is — (1)  The  experiment  of 
Longet,  who  kept  the  glottis  open  by  forceps  introduced  from 
below  through  the  trachea,  and  who  then  saw  that  the  epiglottis 
being  intact,  the  deglutition  of  liquids  was  not  interfered  with. 
(2)  Cases  cited  by  Longet  where  similar  results  followed  disease 
of  the  glottis,  while  the  epiglottis  remained  intact.  (3)  Experi- 
ments of  Walton's  own,  in  which  a  dogs  epiglottis  was  left 
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intact,  while  the  aryteno-epiglottidean  folds,  the  cartilages  of 
Wrisberg  and  Santorini,  and  the  fisilse  vocal  cords  were  excised, 
the  incision  reaching  to  the  ventricle  on  each  side:  the  dog 
oheerved  for  five  days  showed  no  diflSculty  in  swallowing  solids 
and  liquids.  4.  Two  similar  experiments  of  Walton's  own,  in 
which  the  epiglottis  too  was  excised ;  here  coughing  or  choking 
followed  every  attempt  to  swallow.  5.  Pathological  cases  with 
similar  conditions  to  these  last  cited  experiments.  But,  as  will 
be  shown  in  the  communication  upon  the  closure  of  the  larynx 
by  A.  S.,  referred  to  above,  all  these  cases  may  be  explained  in 
an  entirely  different  way. 

We  must  of  course  be  quite  sure  that  in  this  case  we  had  to 
deal  with  parts,  the  essential  connections  of  which  had  not  been 
impaired  by  the  operative  procedures.     In  regard  to  this — 

(1)  Only   one  side  was  operated  on,  the   other  remaining 

absolutely  intact 

(2)  Even  on  the  operated  side  the  vagus  remained  intact 

(3)  No  adhesions   interfered  with   the    movement    of   the 

epiglottis,  the  slightest  pressure  of  the  finger  moving 
it  freely  in  any  direction. 

(4)  No  difference  was  detected  in  the  behaviour  of  the  two 

sides,  the  entrance  to  the  larynx  being  closed  sym- 
metrically. 

(5)  The  patient  himself  states  that,  excepting  the  trifling 

inconveniences  referred  to  above,  he  does  not  notice 
the  slightest  difference  between  acts  of  deglutition 
before  and  after  the  operations. 

(6)  He  speaks  as  perfectly  as  the  mutilated  parts  permit,  the 

only  difference  between  his  present  and  former  speak- 
ing being  that  now,  owing  to  the  state  of  the  soft 
palate,  he  has  a  nasal  twang. 

(7)  He  is  musically  educated,  and  can  still  sing  about  as 

perfectly  as  before,  only,  of  course,  the  nasal  twang 
referred  to  modifies  the  sound,  though,  we  should  say, 
he  still  sings  very  well. 

(8)  While  the    wound    was  healing,  the  patient  was   fed 

through  a  stomach  tube,  but  when  that  was  dis- 
continued, he  at  once  swallowed  as  well  as  he  did 
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later,  so  that  there  is  nothing  to  indicate  any  educa- 
tion of  the  parts,  as  if  they  had  to  accommodate 
themselves  to  new  relations. 

Thus,  in  conclusion,  there  is  in  this  case  nothing  to  suggest 
an  unusual  behaviour  of  the  parts,  and  so  we  regard  it  as  giving 
a  true  view  of  the  epiglottis  in  its  relation  to  deglutition,  viz., 
that  it  never  folds  down  like  a  lid  to  cover  the  entrance  to  the 
la/rynx. 


BIFURCATION  OF  THE  FEMORAL  ARTERY  WITH 
SUBSEQUENT  RE-UNION.  By  James  Musgrove, 
M.D.,  M.RC.S.,  Demonstrator  of  AnatoTny  in  Edin- 
burgh University, 

Since  the  historic  case  in  which  Sir  Charles  Bell  failed  to 
arrest  at  once  pulsation  in  a  popliteal  aneurism  by  ligaturing 
the  supposed  femoral  artery,  considerable  importance  has  been 
attached  to  varieties  of  this  vessel,  especially  to  that  form  in 
which  there  is  division  of  the  femoral  into  two  stems,  uniting 
again  to  form  a  single  trunk  before  piercing  the  adductor 
magnus  muscle.  In  the  case  referred  to,  Sir  Charles  Bell  ^  cut 
down  on  the  femoral  artery  and  ligatured  the  exposed  vessel 
for  the  cure  of  popliteal  aneurism.  It  was  observed  by  his 
assistants  that  there  was  pulsation  by  the  side  of  the  ligature, 
and  that  the  beating  of  the  aneurism  had  not  been  arrested. 
The  surgeon  remarked,  "  Well,  be  it  what  it  may,  I  shall  do  no 
more ;  we  have  done  all  we  ought  to  do."  A  few  days  after  the 
operation  the  patient  died  of  erisypelatous  inflammation,  and 
it  was  found  on  dissection  that  the  femoral  artery,  after  giving 
oflF  the  profunda  branch,  divided  into  two  vessels,  of  which  only 
one  had  been  tied,  and  that  the  "pulsation  near  the  ligature"  had 
been  caused  by  the  parallel  stem.  The  two  vessels  re-united 
to  form  a  single  trunk,  passing  on  as  a  normal  popliteal  artery. 

A  variety  similar  to  this  has  recently  occurred  in  the  dis- 
secting-room at  Edinburgh  University.  The  subject  was  a 
muscular  adult  male,  and  the  anomaly  was  present  on  the  left 
side.  The  femoral  artery,  a  continuation  of  a  normal  extei^nal 
iliac,  appeared  from  behind  Poupart's  ligament  (see  figure)  in  the 
usual  position  as  a  single  trunk,  1  cm.  in  diameter,  and  took 
the  normal  course  through  Scarpa's  triangle  and  Hunter's  canal 
iu  a  line  towards  the  prominent  part  of  the  internal  condyle. 
In  the  upper  part  of  the  vessel  there  was  nothing  unusual,  but, 
9  cm.  below  Poupart's  ligament,  after  giving  ofiF  the  profunda 
femoris,   the   main  artery  divided  into  two  stems,  inner  and 

^  London  Med,  aiid  Phys.  Jour,,  vol.  Ivi.  p.  184. 
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outer,  which  passed  down  side  by  eide  for  a  distance  of  13  cm. 
and  then  reunited  to  form  a  single  vessel,  which  passed  through 
the  adductor  magnus  muscle  into  the  popliteal  space.     The  two 


stems  were  in  the  same  plane,  except  at  the  lower  end,  where 
they  were  slightly  twisted,  so  that  the  outer  came  a  little  in 
front  of  the  inner,  though  still  retaining  its  position  to  the 
outer  side,     On  comparing  the  two  vessels,  the  outer  branch 
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seemed,  if  anything,  a  more  direct  continuation  of  the  parent 
stem,  but  was  smaller  than  the  inner,  measuring  in  diameter 
4  mm.,  while  the  inner  was  6  mm.,  the  size  being  gauged  with 
calipers  when  the  vessels  were  cleaned.  The  outer  part  also 
differed  &om  the  inner  in  that  its  diameter  was  not  quite  so 
uniform. 

As  far  as  the  bifurcation,  the  femoral  artery  lay  on  the  psoas 
and  pectineus  muscles.  Below  that  point  the  parallel  stems 
of  the  divided  vessel  were  covered  by  the  sartorius  throughout 
the  greater  part,  if  not  the  whole,  of  their  extent.  On  its  outer 
side  the  external  branch  was  in  contact  with  the  vastus 
internus,  while  behind  the  two  vessels  the  adductor  longus  was 
placed,  separated  from  them,  however,  by  an  undivided  femoral 
vein.  At  the  upper  part  of  Scarpa's  triangle  the  vein  occupied 
its  normal  position  on  the  inner  side  of  the  artery,  and  then 
passed  outwards,  so  as  to  lie  behind  the  femoral,  where  the 
artery  divided  in  this  unusual  manner.  Still  passing  outwards 
in  its  course  behind  the  divisions  of  the  femoral. artery,  the 
vein  lay  on  the  outer  side  of  the  two  trunks  (and  slightly 
behind  them)  before  their  reunion.  Beyond  the  presence  of 
an  unusually  large  cutaneous  branch  of  the  obturator  nerve, 
appearing  beneath  the  lower  border  of  the  adductor  longus,  and 
passing  down  the  inner  side  of  the  knee  and  leg,  there  was 
nothing  unusual  in  the  nerves  of  the  thigh.  And  this  obturator 
branch  was  separated  by  some  distance  from  the  femoral  artery. 
The  long  saphenous  nerve  passed  downwards  in  front  of  the 
divided  femoral  vessel,  and  at  the  lower  part  of  Hunter's  canal 
appeared  on  the  tendon  of  the  adductor  magnus,  in  its  normal 
position,  accompanied  by  the  anastomotic  artery.  On  the 
outer  side  of  the  external  branch  of  the  femoral  lay  the  nerve 
to  the  vastus  internus.  No  structure  was  found  passing 
between  the  two  divisions  of  the  artery,  but  as  the  vessels  had 
been  partly  dissected,  it  was  not  possible  to  determine  the 
relation  of  the  sheath  to  them — ^whether  they  were  invested  by 
a  common  sheath  with  a  dividing  septum,  or  each  vessel 
enclosed  in  a  separate  covering.  Nothing  unusual  was  noticed 
in  the  arteries  of  the  buttock  or  popliteal  space,  and  the  deep 
epigastric  and  deep  circumflex  iliac  vessels  arose  in  the  normal 
manner  from  the  external  iliac. 
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In  describing  the  branches  it  will  be  convenient  to  arrange 
them  in  three  groups — first,  those  given  off  from  the  femoral 
before  division;  secondly,  those  from  the  stems,  inner  and 
outer,  resulting  firom  the  bifurcation ;  and,  lastly,  the  branches 
of  the  re-formed  trunk  before  it  pierced  the  adductor  magnus  to 
become  the  popliteal. 

From  the  femoral  before  division  a  branch  was  given  forwards 
from  its  anterior  aspect  1'2  cm.  below  Poupart*s  ligament 
This  branch  divided  into  superficial  circumflex  iliac,  superficial 
epigastric,  and  superficial  pudic  arteries.  Further  down,  2^  cm. 
from  Poupart's  ligament^  there  passed  backwards  between  the 
psoas  and  pectineus  muscles  a  large  internal  circumflex  artery. 
The  profunda  came  from  the  outer  and  slightly  from  the  posterior 
aspect  of  the  femoral,  4  cm.  below  Poupart's  ligament,  and,  after 
passing  outwards  and  downwards,  turned  behind  the  femoral 
vessels  in  the  usual  manner.  In  its  course  the  profunda  gave 
outwards  a  branch  dividing  into  two  parts,  one  going  upwards 
and  outwards  under  the  rectus  femoris,  and  another  downwards 
and  outwards  also  under  the  same  muscle.  Another  vessel  arose 
from  the  front  of  the  profunda,  and  was  distributed  with  the 
nerves  to  the  vastus  extemus  and  crureus.  Passing  behind  the 
adductor  longus,  the  profunda  sent  backwards  perforating  arteries 
and  branches  to  the  adductor  muscles  and  hamstrings.  After 
giving  oflF  the  profunda  and  the  other-mentioned  branches,  the 
femoral  artery  bifurcated  9  cm.  below  Poupart's  ligament  From 
the  inner  vessel  resulting  from  this  division,  three  small  branches 
were  given  off  to  the  adductors  longus  and  magnus,  at  5*5, 
6*5,  and  9*5  cm.  respectively  from  the  bifurcation.  From  the 
outer  vessel  a  greater  number  of  branches  were  given.  Two 
small  twigs  firom  the  upper  part  passed  outwards,  but  their 
distribution  was  not  ascertained.  For  the  supply  of  the  vastus 
intemus  four  branches  were  given  off  from  the  outer  trunk, — one 
at  3  cm.  below  the  bifurcation,  another  2*5  cm.  below  this,  a 
third  a  short  distance  above  the  reunion,  and  a  fourth  where 
the  two  vessels  joined  again.  The  sartorius  received  a  small 
twig  from  the  outer  stem  8*5  cm.  below  the  bifurcation.  From 
the  trunk  formed  by  the  reunion  of  the  vessels,  a  large  branch 
passed  to  the  lower  part  of  the  sartorius.  A  branch  from  the 
posterior  aspect  of  the  trunk  went  backwards  through   the 
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adductor  magnus  to  end  in  the  popliteal  space.  And  lastly, 
the  anastomotic  artery  arose  from  the  trunk  5  cm.  below  the 
fusion  of  the  vessels,  immediately  before  the  femoral  disap- 
peared through  the  adductor  magnus. 

From  the  above  description  it  will  be  evident  that  there  is 
nothing  in  the  relations  of  the  femoral  artery  to  account  for 
this  unusual  variety.  Nor  is  there  anything  in  the  arteries  of 
the  adjoining  regions,  or  in  the  branches  of  the  femoral  itself,  to 
explain  why  there  should  be  present,  in  firont  of  the  adductor 
longus,  two  parallel  vessels  instead  of  a  single  femoral  artery. 

In  consulting  the  literature  on  this  subject,  I  have  been  able 
to  find  records  of  eight  authenticated  cases  of  this  variety,  with 
a  reference  in  Henle's  HancUmch  der  AnaUmiie  to  an  imper- 
fectly recorded  case  by  Ducachet.  In  the  following  table 
Ducachet's  case  has  been  included,  but  I  have  purposely 
omitted  the  instances  mentioned  by  Sandifort,  Portal,  and 
Grooch,  as  there  is  no  evidence  that  they  were  examples  of  this 
variety/  and  I  have  not  given  the  case  found  by  Mears,  as  it 
is  only  mentioned  by  Kelly*  without  a  complete  dissection 
having  been  made.  Bell's  case  has  already  been  referred  to. 
Houston,  in  writing  his  account,  pointed  out  the  difficulty 
which  such  a  femoral  artery  might  present  to  the  surgeon,  not 
knowing  at  the  time  that  Sir  Charles  Bell  had  actually  operated 
on  such  a  case  in  the  previous  year.  In  the  third  case,  dissected 
by  Tyrrell,  the  abnormality  was  found  in  a  fcetus.  Quain  met 
with  only  the  one  case  in  1200  bodies,  and  this  double  femoral 
must  be  looked  upon  as  one  of  the  rarest  varieties  of  the  vessel. 
The  specimen  which  I  have  described  has  been  placed  by  Sir 
William  Turner  in  the  collection  in  the  Anatomical  Museum  in 
Edinburgh  University.  It  is  the  first  and  only  case  which 
has  occurred  in  the  University  dissecting-rooms  during  his 
experience  of  thu'ty-seven  years. 

^  See  Qnain,  Comm&nt,  on  the  ArterieSf  pp.  514,  516. 
'  ATTier.  Jour.  Med,  Se.,  Jan.  1882. 
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Tablb. 


1 

Becorded  by 

Publication. 

Date. 

Side  of 
body. 

Sex. 

Sir  Charles  Bell. 

Lond.  Med,  and  Phys.  Jour,^  vol. 

1826 

Left 

Male. 

Ivi.  p.  134. 

2 

Houston. 

Dublin  Hosp.  Report^  vol.  iv.   p. 
818. 

1827 

Left 

Female 

3 

Tyrrell. 

QiMviCs  Comment,  on  the  Arteries, 
p.  515. 

1844 

4 

Qnain. 

Do.            do.            p.  516. 
Tab.   Art.   Corp.   Hum.,  Taf.  li. 

1844 

Right 

Male 

5 

Tiedemann. 

1846 

Left 

Male 

fig.  1.* 

?6 

Ducachet. 

American  Med.  Tim>es,  March  1868. 
Cited  by  Henle  as  imperfectly 
recorded  {ffandbuch  der  System- 

1863 

atisehen   Anat.,    1868,     Band 

iii.  p.  300). 
Am£r.  Jour.  Med.  Sc,  Jan.  1382. 

7 

Griffith. 

1882 

Right 

Male 

8 

Howard  Kelly. 

Do.            do. 

1882 

Right 

Female 

9 

Bianchi. 

Sperimentale,     tomo      Ixiii.     pp. 
383-387. 

1889 

Right 

Female 

10 

Mosgrove. 

Jour.  o/Anat.  arid  Fhys.  yVol.  xxvL 

1892 

Left 

Male 

p.  239. 

Since  writing  the  above  account  I  have  received,  through 
the  courtesy  of  Dr  Edgar  Willett,  notes  of  a  specimen  in  St 
Bartholomew's  Hospital  Museum,  numbered  3574,  the  descrip- 
tion of  which  reads  thus : — "  A  femoral  artery  from  which  a 
large  branch,  arising  in  the  upper  part  of  the  thigh,  is 
continued  parallel  with  the  trunk,  and,  after  a  course  of  seven 
inches,  ends  in  the  popliteal  artery."  This  is  probably  the 
specimen  which  Tiedemann  ^  mentions  as  having  been  seen  by 
himself. 


^  The  description  of  this  figure  in  the  explanation  given  hy  Tiedemann 
appears,  evidently  through  an  error,  under  fig.  2  instead  of  fig.  1. 
5  Tab.  Art.  Corp.  Hum.     The  explanation  of  pi.  li.  fig.  1  (2). 


Jfiiim,of.  'fftai.t^P^-s.Ja/i.  ISSZ 


iW.XXJYip,  „ 


ng.i 


FHiitli.l^lb'EdiD' 


BLOOD-VESSELS      OF     RETINA 


THE  BLOOD-VESSELS  OF  THE  RETINA,  WITH  A 
METHOD  OF  PREPARATION  FOR  LANTERN  DE- 
MONSTRATION,  By  James  Musgrove,  M.D.,  M.R.C.S., 
DeToonstratar  of  ATiatomy,  Edinhv/rgh  University, 
(Plate  V.) 

Bead  before  the  Scottish  Microecopical  Society,  December  1891. 

When  we  consider  the  important  part  which  the  retina  pla3r8 
in  the  sense  of  vision,  and  that  the  rays  of  light  impinging  on 
the  rods  and  cones  have  first  to  traverse  the  plane  in  which 
the  vessels  lie,  it  must  be  admitted  that  too  little  attention  is 
paid  to  the  vascular  arrangements  of  this  membrane.  In 
carrying  out  an  investigation  on  this  subject,  various  methods 
may  be  adopted.  The  vessels  may  be  rendered  iqpparent  by 
merely  staining  their  walls;  or  the  vessels  may  be  examined 
with  the  aid  of  the  ophthalmoscope  either  during  life  or  im- 
mediately after  death.  Or  again,  a  third  method  may  be 
adopted — examining  detached  portions  of  the  retina  afber 
artificial  injection.  I  have  endeavoured  to  combine  the  advan- 
tages of  the  last  two  methods  by  preparing  the  whole  injected 
retina  as  a  lantern  slide. 

As  I  believe  the  method  of  investigating  and  demonstrating 
the  blood-vessels  of  the  retina  with  the  aid  of  the  oxy-hydrogen 
lantern  has  not  previously  been  shown,  it  is  necessary  that  I 
should  describe  in  detail  the  manner  in  which  the  slides  are  pre- 
pared. The  following  observations  have  been  made  on  the  retina 
of  the  ox,  though  the  mode  of  preparation  would  seem,  from  a 
few  experiments  that  I  have  made,  to  be  equally  applicable  to 
the  retina  of  the  sheep,  rat,  and  human  subject,  provided  that 
the  eyes  can  be  obtained  within  a  short  time  after  death. 

Mode  of  FreparcUion, — In  the  case  of  the  ox,  the  injection 
can  be  made  quite  well  after  the  eye  has  been  removed  from  the 
orbit.  In  taking  out  the  eye,  as  much  as  possible  of  the  fat  and 
muscles  of  the  orbit  should  be  removed  as  well,  and  the  vesseb  cut 
fiur  back.  The  injection  is  made  through  the  ophthalmic  artery 
with  an  ordinary  hand-syringe.    Very  good  results  are  obtained 
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with  melted  carmine-gelatine,  but  it  is  important  to  keep  the 
eye  in  hot  water  for  half  an  hour  before  the  injection  is  made, 
a;Dd  after  the  nozzle  has  been  inserted,  in  order  that  the 
gelatine  maj  flow  readily  through  the  smallest  vessels.  It  is 
better  to  arrest  the  "bleeding**  points,  especially  the  veins,  while 
the  injection  is  being  made.  In  order  to  obtain  a  full  injection 
of  the  vessels,  considerable  pressure  has  to  be  used.  I  have 
generally  found  that  it  required  as  much  pressure  as  could  be 
exerted,  with  one  hand  in  order  to  fill  the  vessels  completely. 
The  tension  of  the  eye-ball  and  the  state  of  the  conjunctival 
vessels  serve  as  a  guide  to  the  progress  of  the  injection ;  bat 
sometimes  it  will  be  found  advantageous,  especially  when  the 
pupil  is  large,  to  place  the  eye  under  clear  water,  and  throw  a 
bright  light  on  the  retina,  and  thus  examine  the  actual  state  of 
the  vessels  before  withdrawing  the  nozzle  of  the  syringei 
Although  fhere  is  usually  extravasation  between  the  choroid  and 
sclerotic,  I  have  only  on  one  occasion  burst  the  retinal  vessels,  and 
in  that  instance  the  eye  was  not  obtained  until  some  days  after 
death.  In  all  other  cases  the  eye  has  been  injected  soon  after 
death;  sometimes  while  still  warm.  Although  carmine-gelatine 
gives  very  good  results,  it  does  not  afiford  a  eomplete  view  of  the 
vessels,  because  the  colouring  matter  in  the  capillaries  is  too 
small  to  produce  any  effect  on  the  screen.  To  overccmie  this 
difficulty  I  tried  an  injection-mass  composed  of  gelatine  and  a 
preparation  of  logwood,  which  gave  excellent  results.  Unfortu- 
nately, I  have  not  been  able  to  make  it  a  second  time,  but  hope 
to  obtain  it  again,  and  publish  the  formula  in  some  future  paper 
on  this  subject.  When  the  injection  is  complete,  the  eye  must 
be  cooled  for  a  few  hours,  in  order  to  allow  the  gelatine  to  set 
The  next  stage  consists  in  the  removal  of  the  entire  retina 
without  tearing  the  membrane.  This  can  best  be  done  from 
the  front.  The  ccMiiea  is  removed  by  making  a  cut  with  scissors 
along  its  margin.  Then  the  iris  is  removed  in  the  same  way, 
taking  care  to  wash  off  with  water  any  pigment  from  the  iris 
which  remains,  since  it  is  difficult  to  remove  it  from  the  retina  if 
once  it  touches  that  membrane.  The  lens  is  next  removed  by 
cutting  through  the  anterior  part  of  the  capsule,  after  which 
the  vitreous,  along  with  the  capsule  of  the  lens,  may  be  with^ 
drawn  from  the  eye  by  pulling  on  it  with  forceps,  at  the  same 
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time  nMikmg  pretsme  on  the  poGterior  part  ol  the  sder<>tie 
with  the  other  hand.  After  the  removal  of  the  vitreo^m, 
the  retina  will  he  found  hanging  down  frtftn  the  optic  disc, 
and  its  attadunent  there  is  to  be  difided  with  a  kniie^  suf- 
ficient room  being  gained  for  the  purpose  by  catting  away 
part  of  the  scleisotic  If  geeat  care  be  taken  th»t  no  part* 
of  the  zetin&  is  torn  away  in  the  removal  of  the  vitreou!^ 
the  entire  r^ina  may  be  fireed  and  floated  oot  in  water* 
Perhaps  the  most  tediooa  part  of  the  process  conmts  in  vpreadang 
oat  oa  glass  ibe  retina  thus  detaded  His  must  be  done  with 
the  aid  of  a  soft  camd-hair  pencil  omlyy  and  it  is  important 
that  no  hardening  agent  such  as  alcohol  be  used,  since  this  ha9 
a  tendexicy  to  caoBe  unequal  oontractioii  of  the  geial^e.  For 
the  retina  of  the  oz,  thin  lantern,  i^des  of  ovdiaavy  size  will  bo 
found  most  suitable.  By  carefully  stretching  the  periph^nd 
parts,  and  slightly  crowding  together  the  central  portions^  it 
will  be  found  potable  to  adapt  the  wbcde  xietina  to  the  flat 
sorfiftce  of  the  glass.  The  dehydration  of  the  spedmon  tiius 
prepared  is  carried  oot  by  slowly  dryioig  for  twelve  iours  in  a 
warm  oven,  at  a  temperature  below  the  melting-point  of  the 
gelatine;  Should  amy  anr-bubbles  havo  got  between  the  retina 
asnd  the  glass,  they  must  be  removed  by  pressure  with  the 
caoad-hair  pendl  before  the  specimen  is  driedr  After  d^ 
hydration  the  retina  is  clarified  by  allowing  it  to  remadxi  tot 
two  or  three  da^s  under  oil  of  cloves,  until  all  opacity  is 
removed.  At  the  end  of  this  time  the  dove  oil  is  diuined  off, 
and  the  retina  covered  with  solutiba  of  balsam  in  bensol,  and 
another  thin  lantern  slide  used  as  a  cover-gtass.  Sboirld  it  be 
desired  to  take  a  direct  negative  photograph  of  the  vessels') 
this  can  easily  be  done,  before  the  clove  oil  is  removed,  by 
placing  the  silver  paper  directly  in  contact  with  the  q)ec9men 
and  exposing  it  to  Hgfat  The  dove  oil,  whida  will  have  mtnk 
iato  tiie  paper,  can  be  removed  with  methylated  spirit^  and  the 
development  preceded  with* 

Specimens  prepared  in  the  above  manner  are  equally  suitable 
for  naked*€ye  and  lantern  purposes,  and  for  microscopic  examines 
tion  if  sufficiently  thin  glasses  hare  been  used.  TheiB  is 
absofaxtdy  no  diffusion  of  the  colouring  matter  into  the  tissaes 
surrounding  the  vessels,  whereas,  in  making  the  injection  witii^ 
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gelatine  and  aniline  dyes,  I  have  found  the  diffusion  so  great 
as  to  render  the  specimens  worthless. 

To  the  naked  eye,  specimens  prepared  by  this  method  convey 
a  very  good  impression  of  the  general  distribution  of  the  retinal 
vessels.  Both  arteries  and  veins  are  fully  injected^  and  there 
is  a  red  tint  given  to  the  whole  membrane  when  carmine- 
gelatine  is  used  which  would  suggest  that  diffusion  had  taken 
place,  but  which  is  seen,  on  microscopic  examination,  to  be  due 
to  a  dense  capillary  plexus  pervading  the  whole  extent  of  the 
retina  from  the  optic  disc  to  the  ora  serrata.  The  arteries  are 
distinguished  from  their  companion  veins  by  the  fact  that  their 
diameter  is  almost  invariably  less  than  that  of  the  veins,  though 
the  following  description  of  the  vessels  was  verified  by  a  specimen 
in  which  I  was  fortunate  enough  to  obtain  the  arteries  injected 
black  and  the  veins  brown. 

As  the  central  artery  appears  at  the  optic  disc,  it  gives  to  the 
lower  part  of  the  retina  from  two  to  four  branches  (fig.  1,  PL  V.). 
Of  these  branches  two  pass  more  or  less  horizontally,  one  going 
towards  the  nasal  and  the  other  towards  the  temporal  side. 
From  these  two  vessels  branches  pass  right  and  left  until  the 
main  stem  is  exhausted.    Those  passing  upwards  from  these 
two  vessels  pour  their  blood  into  a  region  which  may  be  spoken 
of  as  the  intermediate  zone,  where  only  capillaries  are  found. 
In  addition  to  the  inferior  branches  mentioned,   there    are 
generally  two  others  passing  downwards.    These  go  to  the 
lowest  part  of  the  retina.     Occasionally  they  pass  for  a  short 
distance  as  one  trunk,  which  divides  into  two  branches,  to  be 
distributed,  one  to  the  nasal  and  the  other  to  the  temporal 
side  at  the  most  inferior  part  of  the  retina.     The  veins  accom- 
panying these  last  two  vessels  are  much  larger  than  the  arteries, 
draining  the  blood  from  a  much  more  extensive  field  than  is 
supplied  by  the  arteries.     After  giving  off  these  four  branches, 
the  main  artery  courses  in  an  almost  straight  line  upwards  and 
outwards.     Sometimes,  however,  it  may  be  seen  to  be  entwined 
around  the  corresponding  vein  once  or  twice.     The  main  stem 
gives  off  two  or  three  branches  to  the  temporal  side,  and  an 
equal  number  to  the  nasal  portion  of  the  retina,  and  sometimes 
terminates  by  dichotomous  division.      The  first  two  branches 
given  off  (one  on  the  temporal  side,  the  other  on  the  nasal)  send 
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twigs  downwards  to  the  intermediate  zone  already  referred  to. 
In  nearly  all  cases  the  branches  of  the  artery  given  to  the  inner 
or  nasal  side  are  larger  than  those  to  the  outer  side,  since  the 
inner  part  of  the  retina  is  larger  in  consequence  of  the  point  at 
which  the  optic  nerve  pierces  the  sclerotic  in  the  ox.    Dichoto- 
mous  division^  although  not  common  in  the  parent   stems, 
firequently  occurs  in  the  smaller  branches,  and  is  almost  universal 
in  the  terminal  twiga      The  veins  in  the  upper  part  of  the 
retina  have  a  general  correspondence  to  the  arteries  in  position 
and  extent,  though  a  distinction  has  to  be  made  between  the 
main  stems  and  the  smaller  branches  in  respect  to  position. 
In  the  case  of  the  larger  vessels,  the  artery  and  vein  lie  side  by 
side,  but,  in  the  smaller  branches,  the  veins  and  arteries  alternate 
and  are  separated  from  one  another  by  a  region  where  the 
capillaries  are  found.    In  the  retina  of  the  rat  this  alternation 
is  found  in  the  main  stems  themselves.^    Although  there  is 
this  correspondence  between  the  arteries  and  veins  in  the  upper 
part  of  the  retina,  there  is  a  marked  difference  at  the  lower  part. 
The  veins  here  accompanjdng  the  two  lowest  arterial  branches 
are  much  larger  th&n  the  corresponding  arteries,  and  form  mar- 
ginal vessels,  of  which  the  temporal  is  much  larger  and  more  con- 
stant than  the  inner.    Indeed,  the  inner,  as  a  marginal  vessel— 
that  is  to  say,  a  vessel  near  the  ora  serrata — may  be  absent. 
These  veins  form  what  has  been  referred  to  by  Leber*  as  the 
circulus  venosus  retinse  anterior ;  though  it  must  be  pointed  out 
that  the  two  veins  together  do  not  form  more  than  half  a  circle 
and  are  not  directly  continuous  with  one  another.    In  examining 
a  series  of  retinae  there  is  found  to  be  a  remarkable  uniformity 
in  the  distribution  of  the  branches  of  both  arteries  and  veins. 
The  varieties  are  not  more  numerous  than  might  be  met  with  in 
the  vessels  of  the  limbs  ;  but  there  is  a  great  difference  in  the 
arrangement  of  the  main  stems  in  the  retinae  of  different 
animals.    Thus  in  the  rat,  according  to  Hesse,'  the  central 
artery,  on  appearing  at  the  optic  disc,  breaks  up  into  six  equal 
stems,  which  pass  in  a  radial  manner  towards  the  ora  serrata. 
Alternating  with  these  are  six  converging  veins.    In  the  human 

*  Hesse,  Arehiv.fOr  Anal,  u,  Physiol,  1880,  p.  219,  and  pL  vi.  fig.  1. 
>  Ha-ndimch  dsr  Atigemheilkundef  1876,  band  xi  p.  811. 

*  Opus  cU.,  p.  219. 
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Bubject  a  single  artery,  aeoompauied  bj  a  coirespoading  vein, 
"aooki  divides  into  bmnches,  usuaUy  two-^cne  above,  the  other 
below — each  of  theee  i^in  dividing  into  two  hrandhtes  wiiieh 
arch  out  towards  the  sides  "  (Qnain).^ 

When  the  j^>ecimens  aj^e  shown  on  the  screen  with  the  aid  of 
the  oxy-hydrogen  light  the  distribution  of  the  veaseis  can  be 
Btill  more  clearly  seen,  and  there  is  brou^t  out  very  promi- 
nently the  fact  that,  as  regards  the  distribution  of  vessels,  the 
retina  may  be  divided  into  three  parts — a  lower  portion  contain- 
ing branches  of  the  four  arteries  and  veins  already  described,  an 
upper  part  containing  also  large  vesseb,  and  an  intermediate 
^ne  entirely  free  from  laige  vessels  except  in  so  fiur  as  it  is  tra- 
veroed  by  the  main  stems  of  the  artery  and  vein  in  their  course 
to  the  upper  part  of  the  retina.  Tins  intermediate  zone  appears 
on  the  screen  as  awide.belt  (fig.  1,  Plate),  not  unlike  a  ''watershed" 
in  appearemoe,  but  when  examined  under  the  microscope,  the 
part  occupied  by  capillaries  only  is  much  narrower  than  it  appears 
on  the  screen.  In  the  human  retina  there  would  appear  to  be  a 
xegum  corresponding  to  this  intermediate  zone,  as  may  be  seen 
in  liebteich's  Atkba  of  Ophthalmoscopy  (PI.  I.).  The  same 
region  is  indicated  by  Schwalbeu^ 

If  the  injection  be  made  under  very  high  pressure,  the  retina 
has  a  blotchy  appearance  as  though  the  injection  material  had 
been  extravasated  into  the  tissue  of  the  retina.  But  on  the 
screen,  or  still  better  under  the  microscope,  these  blotches  are 
seen  to  correspond  to  the  distribution  of  the  terminal  branches 
of  the  arteries  (fig.  3,  PL  V.), 

It  might  be  thought  that  the  lantern  method  of  demonstrating 
the  retina  would  afford  on  excellent  opportunity  of  comparing 
the  vascularity  of  the  different  parts  of  the  retina  by  giving  a 
view  of  the  whole  membrane  at  once,  and  would  readily  allow  a 
comparison  to  be  made  of  the  retinse  of  different  animals.  There 
can  be  no  doubt  about  its  usefulness  in  respect  to  the  former, 
although  here  allowance  has  to  be  made  for  the  fiu^t  that, 
unless  the  maximum  pressure  is  used,  the  retina  around  the 
optic  disc  will  appear  more  vascular  than  the  parts  near  the  ora 
serrata     More  than  one  specimen  in  my  possession  illustrates 

* 

^  EUnunU  of  Anatomifi  ninih  edition,  toI.  ii  p.  4^1. 

'  LeKrhuch  der  Anatomie  der  SinnesorganCj  1887,  fig.  58,  p.  190. 
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point,  but  ouly  wkei«  the  maximum  preesnure  had  not  been 
Qflod.  As  regards  the  compttrison  ^f  the  retixio  of  different 
animals,  I  agree  with  Dr  J.  W.  Barrett^  in  appreciating  the 
immense  difficulty  in  making  accurate  quantitative  comparisons. 
After  eeeiug  a  doseu  slides  of  the  retinas  of  the  ox  thrown  on  the 
screen^  one  might  be  led  to  ooudude  that  there  was  a  great 
difference  in  the  yascularitj  of  the  retime  of  the  ox  alone,  and 
indeed  in  ihe  two  eyes  of  the  same  animal,  were  it  not  known 
that  different  pressures  had  been  used  With  a  vexy  low  pressure 
there  are  injected  only  the  main  ^ems  of  the  arteries  and  veins, 
together  with  only  a  number  of  the  capillaries.  This  might 
suggest  that  there  was  a  direct  connection  between  the  arteries 
and  veins,  but  no  such  anomalous  oonnecticm  exists^  although  it 
can  be  seen  that  there  is  a  connection  between  the  arteries  and 
veins  by  means  of  some  capillaries  which  are  not  comfdicated  in 
their  course,  while  in  most  parts  of  the  retina  the  capillaries 
fotm  a  dense  plexus^  which  must  afford  considerable  resistance 
to  the  passage  of  blood  from  the  €trteries  to  the  veins.  With  a 
still  greater  pressure,  all  the  brandies  of  the  arteries  and  veins 
are  injected,  and  the  capillaries  filled  but  not  distended.  When 
the  maximum  pressure  is  used^  and  the  outgoing  veins  of  the  eye 
damped,  the  capillaries  are  not  only  filled,  but  also  distended^ 
although  they  do  not  rupture,  any  undue  pressure  being  relieved 
by  extravasation  taking  place  into  the  perichoroidal  lymph  space. 
Microscopic  examination  of  the  specimens  reveals  several 
points  which  are  not  to  be  made  out  on  the  screen*  The  small 
arteries  present  a  more  tortuous  course  than  the  veins,  and  show 
a  tree-like  arrangement  of  the  branches  (fig.  S,  PL  Y.).  The 
tufts  (t  in  fig.)^are  seen  to  be  the  cause  of  the  blotchy  appearance 
of  the  specimen  when  seen  with  the  naked  eye.  There  is  also 
teen,  throughout  the  whole  extent  of  the  retina^  to  the  very 
margin  of  the  membrane,  a  dense  capillary  plexus  (fig.  2).  The 
capillaries  immediately  associated  with  the  arteries  differ  from 
those  directly  connected  with  the  veins  in  that  they  form  irregu* 
larly  shaped  meshes,  with  the  appearance  of  a  confused  network^ 
whereas  those  pouring  their  blood  directly  into  the  veins  have 
more  regularly  rhomboidal  meshes,  and  show  a  general  convert 
gence  towards  the  vein  in  which  they  terminate.    As  mentioned 

^  Jmm»  qfPhysiok,  voL  vii  p.  238. 


262  DB  JAMES  MUSaBOTE  ON  THE 

before,  the  smaller  arteries  are  separated  from  their  companion 
veins  by  an  interval,  which  is  occupied  by  this  capillary  plexus. 
When  the  part  of  the  retina,  which  we  have  referred  to  as  the 
intermediate  zone,  is  examined  under  the  microscope,  it  is 
found  that  the  region  free  from  vessels  larger  than  capillaries 
is  much  less  than  it  appeared  on  the  screen  ;  for  it  is  reduced 
to  a  thin  wavy  band,  the  wavy  character  being  due  to  the  en- 
croachment upon  it  by  branches  of  the  vessels  from  the  upper 
and  lower  zones  alternately. 

A  word  or  two  must  be  said  in  regard  to  the  question  of 
•anastomosis  of  the  retinal  vessels.  This  method  of  investiga- 
tion allows  me  to  state  definitely  that  there  is  no  anastomosis 
between  the  branches  of  the  artery,  except  through  the  capil- 
lary plexus,  and  that  the  veins  do  not  directly  communicate 
with  one  another.  I  am  satisfied  that  no  anastomosis  takes 
place  between  the  vessels  of  the  retina  and  those  of  any  other 
part  of  the  eye,  unless  it  be,  as  stated  by  several  writers  on  the 
subject,  with  the  choroidal  vessels  in  the  neighbourhood  of  the 
optic  disc.  On  this  point  these  specimens  yield  no  information 
one  way  or  the  other. 

In  addition  to  the  specimens  described,  I  made  preparations 
of  the  injected  retina  for  vertical  sections  (fig.  4,  PI.  V.),  and 
found  that  the  vessels  lay  chiefly  in  the  nerve-cell  layer,  the 
inner  molecular  layer,  and  the  inner  nuclear  layer.  Only 
rarely  were  capillaries  found  beyond  the  inner  nuclear  layer, 
and  they  never  extended  as  far  as  the  outer  nuclear  layer,  so 
that  the  outer  layers  of  the  retina  are  entirely  free  from 
vessels.  And  this  is  in  harmony  with  the  statements  previously 
made  by  Hesse  and  His  ^  in  reference  to  their  observations  on 
the  retina  of  man,  dog,  and  the  rat,  and  coincides  with  the 
statements  of  other  observers.  In  the  specimens  which  I 
have  hitherto  examined,  the  nerve-fibre  layer  has  appeared 
almost  free  from  vessels.  This,  I  am  aware,  is  contrary  to 
what  has  been  found  by  the  observers  referred  to ;  and  a  more 
extended  examination  of  the  retina  in  vertical  section  may 
show  that  this  peculiarity  is  confined  to  certain  parts  of  the 
membrane. 

It  was  pointed  out  by  Hesse  and  His  that  there  are  two 

1  Archiv,  fii/r  Awa.  u.  Physiol,  1880,  pp.  219-281. 


BLOOD-VESSELS  OF  THE  RETINA.  253 

plexuses  of  capillaries,  one  in  the  nerve-cell  layer  and  another 
in  the  inner  nuclear  layer.  In  the  ox  there  would  appear  to 
be  a  third  region  where  the  capillaries  tend  to  assume  a 
horizontal  position — ^in  the  middle  of  the  inner  molecular  layer. 
Since  both  arteries  and  veins  were  injected  with  the  same 
material^  I  have  not  been  able  to  confirm  the  statement  made, 
that  the  plexus  in  the  nerve-cell  layer  is  especially  connected 
with  the  arteries,  and  the  deeper  one  with  the  veins. 

From  the  foregoing  account  it  is  apparent  that  the  retina, 
£eu:  from  being  a  membraDe  with  a  few  vessels  only,  as  might 
be  inferred  from  ophthalmoscopic  examination,  is  permeated 
throughout  its  whole  extent  by  a  dense  capillary  plexus. 

EXPLANATION  OF  PLATE  V. 

Fig.  1.  Natural  aze  drawing  of  whole  retina  of  ox  when  prepared 
aB  a  kntem  slide.     The  artohes  are  deep  black  and  the  veins  half  tint. 
Fig.  2.  Camera  lucida  drawing  of  capillary  plexus  x  50.     A  vein 
and  an  artery  are  also  seen. 

Fig.  3.  Shows  tree-like  arrangement  of  terminal  branches  of  artery. 
v«-vein.     ar«- artery.     ^stuftxlO. 
Fig.  4.  Vertical  section  of  retina. 
ON — Outer  nuclear  layer. 
OM — Outer  molecular  layer. 
IN — Inner  nuclear  layer. 
IM — dinner  molecular  layer. 
NO — Layer  of  nerve-cells. 
NF — Layer  of  nerve-fibres. 


OK  A  POSSIBLE  OBSOLETE  FUNCTION  OP  THE 
AXILLARY  AND  PUBIC  HAIR  TUFTS  IN  MAN. 
By  LO01S  RoBiNSO^T,  M.D. 

9 

Thk  extraordinary  power  of  the  grasping  museles  in  the  handd 
and  arms  of  newlj-bom  in&nts  reyealed  by  the  experim^iits  re- 
corded in  my  articles  on  ''Darwinism  in  the  Nxirsefy''  (Mneteenth 
Century,  Not.  1891),  and  'anfentile  Atavism''  {BriL  Med. 
Jownhol,  Dec  5, 1891),  which  seemed  to  be  a  projected  vestige 
of  the  chief  means  of  self-preservation  among  the  young  of  the 
arboreal  quadnimana,  led  me  to  consider  whether  there  might 
not  be  found  in  the  human  adult  some  vestigial  trace  of  a  point 
of  attachment  of  the  ofFsiMring  to  tiie  parent. 

Attributes  which  have  been  essential  for  the  preservation  of 
the  species  from  extinction  for  prolonged  periods  are  exceedingly 
persistent^  even  when  by  a  changed  environment  their  purpose 
has  become  obsolete. 

In  this  case  the  efficiency  of  the  prehensile  power  of  the 
young  as  a  means  of  self-preservation  depended  on  a  suitable 
holding-place  in  the  parent,  and  both  parent  and  offspring  of 
course  shared  equally  (if  we  may  so  speak)  in  the  responsibility 
of  preserving  the  race.  It  therefore  struck  me  that  if  no  such 
remnant  of  this  means  of  rendering  easy  the  maintenance  of  the 
hold  of  the  young  were  present,  it  would  weaken  my  contention 
that  the  power  of  grip  in  the  babe  is  akin  to,  if  not  a  direct 
succession  of,  the  means  adopted  by  the  infant  ape  to  cling  to 
its  mother  when  in  time  of  peril  she  cannot  spare  an  arm  to 
secure  it  from  falling.  If,  on  the  other  hand,  such  remnant  of 
a  gripping-place  were  shown  to  exist,  the  whole  argument  would 
receive  a  very  notable  measure  of  support. 

Wallace  and  other  naturalists  have  observed  that  young  apes 
hang  beneath  the  body  of  the  mother,  and  sustain  themselves 
by  grasping  the  hair ;  and  it  struck  me  that  possibly  the  axillary 
and  pubic  hair  tufts,  so  noticeable  in  man,  might  be  the  very 
vestigial  remains  I  sought  for;  especially  as  the  functions 
allotted  to  these  appendages  by  physiologists  had  never  satisfied 
me  when  I  came  to  consider  their  universal  appearance  in  all 
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tBLces  wliich  aie  hairy  at  all,  and  I  put  this  Btiggestion  forward 
in  the  article  on  "  Infantile  Atavism  "  inentioned  above. 

On  lixrtber  conaideratian,  the  follonring  reasons  appeared  to 
give  sonie  measure  of  sanction  to  the  suggestion : — 

(1)  The  hair  in  these  parts  mppesuB  at  "puiherty,  when  the 
whole  organism  is'  being  modified  and  adapted  for  the  produc- 
tion aad  maintenance  of  ofispring. 

(2)  It  appears  in  both  sexes  (unlike  the  hair  on  the  fisyce  in 
the  male,  which,  by  the  way,  does  not  oommenoe  growing  at 
puberty,  but  later,  t.s.,  at  tdie  period  when  the  skeleton  and 
muscles  are  developed  in  such  a  degree  as  to  enable  the  man  to 
meet  his  rivals  or  enemies  in  figkt\  and  is  often  earlier  and 
more  fully  existent  in  the  female  than  in  the  male. 

(3)  It  exists  in  parts  where  the  young  of  tree-climbing  beings 
eottld  attach  their  hands  without  danger  of  violent  contact  during 
the  rapid  progress  of  the  parent  among  the  branches.  In  the 
one  case  the  arms  and  shoulders  of  the  parent  would  protect 
the  grasp  of  the  hands  of  the  young  firom  being  thus  loosened, 
and  in  the  other  the  angle  between  the  abdomen  and  thighs 
would  shield  the  "  feet ''  in  a  like  manner. 

(4)  I  have  asoertained  by  measurement  that  in  most  cases  the 
situation  of  the  axillary  and  pubic  tufts  is  within  easy  reach  of 
the  hands  and  feet  of  infants  when  their  limbs  are  extended,  if 
the  body  of  the  adult  is  in  the  position  taken  by  that  of  an 
anthropoid  ape  when  climbing.  The  front  of  the  chest  and 
pelvis  are  thereby  approximated,  and  wo  may  reasonably  suppose 
that  in  the  case  of  our  arboreal  ancestors  the  arms  of  the  young 
were  not  shorter  than  those  of  the  modem  infemt. 

I  have  noticed  also  that  an  infiint  retaios  its  hold  best  when 
the  hands  are  wide  apart. 

(5)  It  does  not  seem  probable  that  in  either  situation, 
especially  in  the  case  of  the  axillary  tufts,  the  hair  could  have 
been  retained  for  purposes  of  display,  as  it  doubtless  is  on  the 
fiice  in  the  male. 

(6)  As  an  objection  to  the  view  that  the  pubic  hair  is  an 
adjunct  to  the  copulative  apparatus  (though  it  could  scarcely 
be  argued  that  it  is  necessary),  is  it  not  a  fisict  that  among 
man's  nearest  congeners  in  the  animid  world  the  reproductive 
act  is  performed  after  the  fashion  of  quadrupeds,  and  that  the 
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alteration  of  habit  in  that  respect  in  the  human  species  id 
comparatively  of  recent  date  ? 

(7)  When  it  is  suggested  that  the  office  of  the  axillary  hair 
is  to  mitigate  friction,  or  direct  or  absorb  the  sweat  during 
exertion,  we  must  remember  that  children,  who  are  more  active 
than  adults,  get  on  very  well  without  it,  and  practically  never 
chafe  at  this  spot ;  also  that  in  active  animals,  such  as  dogs, 
horses,  &c.,  it  has  no  analogue. 

(8)  It  would  seem  as  if  this  hair,  unless  it  served  some  essen- 
tial purpose  in  the  past,  might  have  proved  in  the  main  detri- 

vermin — as,  for  instance,  the  pedicvlus  pubes;  and  if  detri- 
mental and  not  necessary,  would  it  not  have  been  in  the  course 
of  time  eliminated  ? 

(9)  The  hair  in  these  regions  is  obviously  not  needed  as  a 
protection  from  cold. 

I  was  so  much  struck  by  the  cumulative  force  of  these  con- 
siderations that  I  ventured  to  submit  the  chief  points  of  what 
appeared  at  first  a  very  bold  theory  to  several  leading  compara- 
tive physiologists,  including  Professor  Flower  and  Professor 
Romanes,  and  was  much  gratified  to  find  that  they  deemed 
the  matter  worthy  of  further  carefril  investigation.  Professor 
Romanes  especially,  whom  I  have  to  thank  for  the  full  and 
kind  manner  in  which  he  criticised  the  suggestions  put  forward, 
appears  to  think  that  it  is  possible  that  I  have  cleared  up  a 
very  obscure  problem  with  regard  to  the  past  uses  of  certain 
vestigial  hair  tracts. 

Several  objections  were  raised  by  my  correspondents,  and  with 
the  chief  of  these  I  will  deal  very  briefly. 

(a)  It  was  suggested  that  in  the  case  of  no  knovm  anthropoid 
ape  does  the  male  assist  in  carrying  the  young*;  and  this,  if  a 
fact,  would  be  most  pertinent,  because  the  hair  is  much  more 
fully  developed  in  the  male  of  our  own  species  than  are  other 
vestigial  offspring-maintaining  organs,  such  as  the  mammary 
gland  and  nipple,  &c. 

I  find,  however,  that  Hartmann^  quotes  Diard  to  the  effect 
that  certain  male  gibbons  assist  in  carrying  the  helpless  young ; 
and  it  is  an  apposite  consideration  that  in  these  apes  the  period 
of  immaturity  is  prolonged  almost  as  much  as  in  man, 

^  Anthropoid  Apes,  p.  258. 
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(6)  That  the  reason  above  saggested  for  the  persistence  of 
the  pnbic  hair,  will  not  account  for  the  hair  on  the  labia  or 
scrotum,  perineum,  or  around  the  anus. 

This  appears  to  me  rather  a  weighty  objection,  but  at  the 
same  time  I  would  suggest,  by  way  of  answer  to  it,  that  the 
intimate  relationship  of  the  trophic  nerves  of  these  regions 
might  account  for  the  fact  by  bringing  about  a  similar  condition 
of  nutrition  and  growth-function  in  the  several  parts  so 
associated. 

(c)  The  sensitiveness  to  pain  exhibited  by  the  nerves  of  the 
axilla  and  pubes  when  the  hair  is  pulled  seems  to  render  it 
improbable  that  it  was  ever  meant  to  support  the  weight  of  the 
young. 

It  is  obvious,  however,  that  if  the  weight  were  distributed 
(altogether  possibly  not  exceeding  three  or  four  pounds  in 
arboreal  beings — for  young  apes  do  not  accumulate  fat  like 
modem  infants),  each  tuft  would  have  no  large  share  to 
sustain ;  and  it  is  easily  demonstrable  that  the  hair  and  other 
dermal  structures  change  rapidly  in  their  degree  of  sensitiveness 
with  changing  conditions.  All  tend  to  become  hypersBsthetic 
by  disuse  or  unaccustomed  protection  from  contact,  and  all  show 
remarkable  insensibility  to  pain  when  habitually  exposed  to 
friction  or  other  violence. 

A  case  in  point  is  the  lock  of  hair  in  the  mane  of  a  horse 
commonly  grasped  by  the  rider  in  mounting.  I  have  noticed 
that  young  horses,  when  first  broken  in,  flinch  when  this  is 
pulled,  but  afterwards  become  quite  indifferent. 

No  doubt  other  objections  will  be  raised,  and  I  do  not  wish 
to  appear  too  eager  to  attach  much  faith  to  all  points  of  a  theory 
which  is,  I  believe,  an  entirely  novel  one,  and  which  has  not  yet 
been  given  the  advantage  of  the  very  salutary  process  of  running 
the  gauntlet  of  hostile  criticism.  Still,  I  think  that,  as  a  provi- 
sional working  hypothesis,  it  is  well  worthy  a  place,  and  after 
much  consideration  it  does  not  appear  to  me  likely  that  it  will 
be  ousted  by  any  other  view  now  current,  when  each  is  tested 
by  being  set  to  account  for  all  the  most  noteworthy  facts. 


NOTES  ON  SOME  OF  THE  VISCERA  OF  BISSO'S 
DOLPHIN  {GRAMPUS  ORISEUS).  By  Professor 
Sir  William  Turner,  F  JLS. 

In  September  1889  I  heard  from  my  friend  and  former  pupil, 
Mr  Charles  Anderson,  M.B.,  of  Hillswick,  Northmavine,  Shet- 
land^ that  a  small  school  of  dolphins  had  been  captured  at  that 
place,  and  that  from  their  appearance  he  believed  them  to  be 
Risso's  dolphin.  Through  his  most  obliging  help  I  was  able  to 
secure  four  skulls,  two  skeletons,  and  the  thoracico-abdominal 
viscera  of  two  of  these  animals.  The  dolphins  ranged  in  length 
from  8  feet  7  inches  to  10  feet  5  inches. 

Although  four  specimens  of  this  rare  dolphin  have  been 
recorded  ^  as  captured  in  the  EInglish  Channel,  and  a  fifth  speci- 
men as  probably  caught  there,^  no  example,  so  far  as  I  know, 
had  been  described  as  seen  in.  Scottish  waters,  until  I  recorded 
in  December  1891  the  capture  of  these  animals  in  Shetland.^ 
This  dolphin  may  now,  therefore,  be  added  to  the  Scottish 
fauna,  and  Hillswick  Bay  is  the  most  northerly  point  at  which 
it  has  yet  been  seen. 

It  is  unnecessary  that  I  should  give  a  full  account  of  the 
anatomy  of  Risso^s  dolphin,  for  Professor  Flower  haa  already 
described  at  length  and  figured  the  skeleton.  Supplementary 
observations  on  some  of  the  bones  have  also  been  given,  by 
MM.  van  Beneden  and  Gervais,^  M.  Fischer,^  and  Mr  Balkwill. 
M.  Fischer  has  made  some  observations  on  the  viscera,  and  a 
more  complete  description  of  many  of  the  internal  organs  has 
been  given  by  Dr  Murie.  I  have,  however,  noticed  some 
arrangements  in  the  course  of  my  dissection  which  have  not 
been  sufficieutly  explained  by  previous  writers,  and  amongst 

^  R«y.  0.  A.  Bary,  ZoologiH,  1845 ;  Pro£.  Flower,  aB.,  Trans,  ZooL  Sfoe.^ 
1871;  H.  Lee,  Proe,  Zwl.  Soe.^  1877;  F.  H.  Balkwill,  Trans.  PlytMuih  InslUuU, 
1886-87. 

'  Prof.  Flo^wer^  &p.  «*.,  and  Dr  James  Mnne,  Jow»  af  Anat,  and  FhyB,^  Nov. 
1870,  vol.  V. 

'  Proc,  Roy.  Physical  Soe.,  Edinburgh,  Dec.  1891. 

*  OsUographie  des  Citads, 

'  Annalea  dcs  Sciences  NaturelleSf  viii.,  *'Zoologie,"  1867* 


NOTES  ON  SOKE  OF  TEE  VISCERA  OF  KiBBa'S  DOLPHIN.    259 

thase  I  may  eqpedallj  refer  to  the  male  organs  of  generation, 
for  the  speounens  ezammed  bj  M.  Fiflcher  and  Dr  Marie  were 
both  femalea 

Organs  of  lUgpiraium.-^'Dr  Murie  gives  a  very  careful 
description  of  the  spiracular  cavity,  its  sacs  and  the  larynx,  so 
that  I  need  not  make  further  reference  to  these  parts.  All  that 
he  says  about  the  lungs  is  that  they  comport  themselves  to 
those  of  the  Pilot  Whale.  When  the  lungs  were  artificially 
inflated  I  noticed  some  points  in  their  anatomy  which  have  not 
been  recorded  by  Murie  in  his  description  of  Olohiocephalua 
melaa,^  and  to  these  I  shall  now  refer* 

Each  lung  might  be  regarded  as  possessing  a  stemo-costal 
and  a  vertebro-costal  portion,  the  plane  of  demarcation  between 
which  was  a  deep  indentation  on  the  convex  costal  surface, 
which  passed  obliquely  from  the  anterior  and  dorsal  part  of  the 
lung  ventrally  and  backwards  to  the   diaphragmatic  border. 
The  stemo-costal  portion,  which  was  in  relation  to  the  pericar- 
dium, was  characterised  by  its  thinned  and  attenuated  appear- 
ance.    In  some  places  it  was  so  thin  that  in  the  collapsed  state 
of  the  lung  it  was  di£Scult  to  recognise  it  as  consisting  of  lung- 
substanoe ;   but  when  artificially  inflated  from  the  windpipe 
the  air  freely  entered  it  and  dilated  the  air  lobules.    In  a  few 
places  near  the  sternal  border  the  air  lobules  were  absent ;  the 
layers  of  pulmonic  pleura  on  opposite  aspects  of  the  lung  were 
in  contact  with  each  other,  and  in  these  places  the  lung  was 
semitranslucent.    The  sternal  border  of  the  lung  was  indented 
and  sinuous  in  outline.    The  apex  of  the  lung  was  also  indented 
and  divided  into  lobelets,  which  varied  in  length  from  1  to 
2  or  3   inches;    four  were  present    at    the    left    apex    and 
three  at  the  rights  but  those  on  the  right  were  somewhat  the 
larger.     The  costo-vertebral  part  of  the  lung  was  thick  and 
adapted  to  the  costo-vertebral  hollow.     The  diaphragmatic 
bolder  was  attenuated,  and  .the  diaphragmatic  surface  was 
deeply  concave.     When  the  lungs  were  collapsed  the  pleural 
sur£BLce  seemed  as  if  tough  and  opaque,  which  is  the  character 
so  often  described  in  connection  with  the  cetacean  lung. 

Abdominal  Viscera. — The  Stomach  has  been  described  both 
by  M.  P.  Fischer  and  Dr  James  Murie,  and  has  been  shown 

^  Tram,  Zweh  Soc,  roL  tiu.  part  it.,  187 8. 
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by  these  naturaluts  to  resemble  in  its  fonn,  in  tbe  oumber  and 
in  the  general  arrangement  of  its  compartments,  the  stomach  of 
Qlobiocepkalus  melas.  My  observations  have  led  me  to  the 
SBjQe  conclusion.     As  the  stomach  of  Oiobiocephalus  has  been 


Explanation  of  Fignre  1. — Tentnl  iorface  of  3tomftch  of  RiBso'g  Dolphin.  Ot., 
<Esopbagiu  ;  1-6,  the  uvcral  compartmeDta  of  the  Btomach  ;  D.,  duodenum  ; 
S.,  hepatio  duct;  P.,  head  of  pancreas;  ^.,  Spleen,— From  a  dnwing 
b;  Hut;  O.  Hclville,  M.B, 

described  with  considerable  detail  both  by  Dr  Murie  and 
myself,*  I  need  not  enter  into  any  lengthy  explanation  of  that 
organ  in  Risso's  dolphin.     I  may,  however,  refer  to  one  or  two 

'  Joar.  o/AtuU,  and  FKyi-,  vol  ii,  ISOS,  and  roL  iii,  1869. 
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points  in  its  morphology.  The  stomach  consisted  of  five  com- 
pu-tments  arranged  according  to  the  mode  of  describing  the 
cetacean  stomach,  which  I  have  followed  in  a  previous  paper,^ 
into  (a)  an  oesophageal  compartment  (1);  (b)  a  cardiac  com- 
partment (2);  (c)  two  intermediate  compartments  (3  and  4); 
{d)  a  pyloric  compartment  (5).  The  oesophageal  compartment 
or  paunch  (1)  was  directly  continuous  with  the  oesophagus,  and 
was  lined  by  a  continuation  of  its  epithelium.  It  contained 
several  pints  of  a  brown  fluid  in  which  the  beaks  and  eyes 
of  cuttle-fish  were  found — its  long  diameter  was  24  in.  (610  mm.), 
its  greatest  transverse  diameter  14  in.  (356  mm.).  The  2nd  or 
gastric  compartment  (2),  a  true  digestive  chamber,  also  com- 
municated directly  with  the  lower  end  of  the  oesophagus ;  it  was 
almost  globular  in  shape,  and  ineasured  10  in.  (254  mm.)  by  9|. 
It  contained  the  partially  digested  mantles  of  34  cuttle-fish, 
some  of  which  still  had  the  arms  continuous  at  their  bases, 
also  quantities  of  eyes  and  beaks.  From  the  relations  of 
compartments  1  and  2  to  the  lower  end  of  the  oesophagus,  it  is 
obvious  that  the  food  could  pass  directly  firom  the  gullet  into 
either  compartment,  or  fi:om  1  into  2,  or  be  regurgitated  from 
2  into  1.  Compartment  3  was  the  smallest  chamber,  and 
measured  4  cm.  by  1^ ;  it  was  so  placed  in  the  angle,  between 
2,  4  and  5,  as  to  be  in  danger  of  being  overlooked.  Compart- 
ment 4  was  the  size  of  a  large  orange.  Compartment  5  was 
elongated,  and  measured  12  in.  (305  ram.)  by  5  in.  (127  mm.)  in 
greatest  breadth ;  it  was  slightly  sinuous,  and  had  a  shallow 
constriction  about  one-third  the  distance  from  the  pyloins,  which 
latter  was  deeply  constricted.  The  dilated  commencement  of 
the  duodenum  was  12  cm.  long,  and  received  on  its  dorsal  aspect 
the  combined  pancreatico-hepatic  duct. 

The  Intestine  fi'om  the  pylorus  to  the  anus  was  76  feet  8 
inches  long.  There  was  no  caecum  or  division  into  a  small  and 
a  large  intestine.  The  walls  were  thicker  in  the  anterior  half 
than  in  the  posterior  portion.  The  arrangement  of  the  valvulse 
conniventes,  the  mucous  folds  of  the  rectum,  and  Peyer's  patches 
was  so  like  to  what  Murie  has  described  in  G.  mdaa  that  I  need 
not  enter  into  any  detail.  The  rectum  retained  its  cylindrical 
tubular  form  as  far  as  its  termination.    The  muscular  coat  was 

^  cTbur.  of  AmU,  and.  Fliffs,,  toI.  zziiL 
VOL.  XXVI.  (N.S.  VOL.  VL)  S 
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much  redder  at  the  anal  end  than  further  forwards,  and  the 
longitudinal  arrangement  of  the  muscular  coat  was  distinct. 
The  anal  orifice  was  surrounded  by  a  strong,  red-coloured 
sphincter  muscle. 

The  intestine  contained  mucus ;  at  the  duodenal  end  it  was 
fawn  or  salmon  coloured ;  lower  down  it  was  bile  stained ;  but 
in  the  last  few  feet  it  was  stained  a  rich  brown  colour.  From 
its  tint  I  was  led  to  think  that  it  contained  sepia,  derived  from 
the  ink  bag  of  the  cuttle-fish,  on  which  the  animal  fed.  The 
coloured  mucus  was  then  digested  in  water,  when  the  colouring 
matter  was  dissolved.  It  was  then  precipitated  fix>m  the  aqueous 
solution  by  the  addition  of  spirit,  when  a  rich  brown  pigment 
was  obtained,  possessing  the  properties  of  sepia,  and  which  was 
subsequently  used  in  the  preparation  of  some  drawings  of  the 
animal's  viscera. 

From  the  fact  that  the  mucus,  in  something  like  the  upper 
three-fourths  of  the  intestinal  tract,  was  unstained  by  sepia, 
it  would  seem  as  if  the  wall  of  the  ink  bag  had  remained  un- 
ruptured, and  its  contents  undiffused  through  the  mucus,  until 
it  had  passed  along  a  large  part  of  the  intestinal  tube. 

It  has  been  shown  by  myself  and  others  that  cuttle-fish 
are  a  not  unusual  food  for  toothed  whales.  This  has  long 
been  known  as  regards  Hjrperoodon,  in  the  stomachs  of  several 
specimens  of  which  the  homy  beaks  and  other  parts  of 
cephalopods  have  been  seen.^  Mr  Beale  states^  that  the  food 
of  the  Sperm  Whale  consists  almost  wholly  of  the  *  squid '  or 
'  sepia  octopus,'  though  at  times  when  near  the  shore  it  may 
take  bony  fish;  Mr  Bennett  in  his  Whaling  Voyage^  confirms 
the  statement  that  the  main  food  is  cuttle-fish,  and  he  also 
mentions  that  he  has  seen  a  bony  fish  which  was  ejected  from 
the  stomach  of  a  Sperm  Whale  on  being  attacked.  From  my 
own  dissection  I  have  reason  to  think  that  Sowerby's  Whale 
may  also  feed  on  cuttle-fish.  Mr  Robert  Gray  has  repeatedly 
found  the  remains  of  cuttle-fish,  probably  Oonatue  fabricii,  in 
the  stomach  of  the  Narwhal^     The  homy  beaks  of  cephalopods 

^  See  Gray's  CaJtaiogue  of  Whales  and  Seals ;  aluo  my  paper  on  the  "Stomach  in 
Ziphioid  and  Delphinoid  Whales"  in  Jour,  o/Anat,  and  Phys,,  vol.  xxiii. 

'  The  Sperm,  WhaU,  London,  1839.  '  London,  1840. 

^  Zoologist,  April  1887  and  1889  ;  in  addition  he  found  blood-red  crustaceans, 
mostly  PasiphaB  tarda,  an  abyssal  form. 
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were  seen  by  M.  Fischer  and  Mr  Lee  in  the  stomachs  of  the  two 
specimens  of  Bisso's  dolphin  which  they  examined.  Dr  Charles 
Anderson  observed  that,  as  the  fishermen  opened  the  stomachs 
of  this  dolphin  at  Hillswick,  they  contained  cuttle-fish;  my 
dissections  confirmed  this  observation.  Four  of  the  specimens 
of  the  cuttle-fish  obtained  in  the  stomach  of  Bisso's  dolphin 
were  so  far  undigested  as  to  enable  me  to  count  ten  arms  pro- 
jecting from  the  ring  around  the  mouth.  Two  of  the  arms  were 
in  three  of  the  specimens  much  longer  than  the  others,  and  were 
separated  from  each  other  by  two  short  arms,  but  the  suckers 
had  disappeared  in  the  digestive  process.  The  remains  of  a 
pair  of  wings  were  attached  to  the  mantle,  and  I  thought  that 
the  animals  were  species  of  Loligo;  but  Mr  W.  E.  Hoyle,  to 
whom  I  referred  the  specimens  for  identification,  regards  them 
as  the  Gonatus  fahricii  of  lichtenstein.  Mr  Thomas  Anderson 
has  recently  communicated  to  me  an  interesting  fact,  which  adds 
another  dolphin  to  the  feeders  on  cuttle-fisL  A  few  months  ago 
a  large  school  of  the  Pilot  Whale  {Olohiocephalua  meUxs)  was 
chased  ashore  at  Hillswick,  and  on  cutting  out  the  viscera  the 
partially  digested  skins  and  numerous  beaks  of  these  cephalo- 
pods  were  seen  in  the  stomachs.  It  was  also  observed  that  the 
shallow  bay  into  which  these  dolphins  were  driven  was  strewn 
with  the  undigested  skins  of  cuttle-fish,  as  if  the  whales  in  their 
fright  had  ejected  a  portion  of  the  contents  of  their  stomachs. 

A  number  of  years  ago  I  described^  a  large  cluster  of 
Lymphatic  Olanda  in  Globiocephaiua  melaa  at  the  root  of  the 
mesentery,  and  another  cluster  close  to  the  lower  end  of  the 
rectum.  Similar  collections  of  glands  were  seen  in  Risso's 
dolphin.  One  of  the  rectal  glands,  about  the  size  of  a  walnut, 
was  almost  completely  invested  by  peritoneum,  and  projected 
towards  the  peritoneal  cavity;  at  first  sight  it  seemed  as  if 
it  were  a  special  gland  associated  with  the  hinder  part  of  the 
rectum ;  but  when  more  closely  examined,  it  was  seen  to  be 
the  largest  member  of  a  chain  of  rectal  lymphatic  glands. 

The  Spleen  was  attached  by  a  peritoneal  fold  to  the  right 
side  of  the  back  of  the  oesophageal  compartment  of  the  stomacL 
It  measured  12  cm.  by  6^,  but  several  small  accessory  spleens 
were  situated  in  the  same  peritoneal  fold. 

1  Jour,  o/AmU,  and  Phya,,  Noyember  1867,  vol.  ii.  pp.  76,  78. 
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The  lAver  measured  45  by  28  om.  Its  diaphragmatic  surface 
was  divided  into  a  large  right  and  a  small  left  lobe  by  a 
falciform  ligament ;  in  the  firee  edge  of  which  the  obliterated 
umbilical  vein  formed  a  round  ligament  On  the  hinder  8ur£eu» 
of  the  liver  the  umbilical  vein  became  pervious  for  about  5  cm. 
before  it  joined  the  portal  vein,  with  the  lumen  of  which  it 
was  continuous.  There  was  no  gall-bladder,  and  consequently 
no  quadrate  lobe,  neither  was  there  a  definite  Sjngelicm  lobe. 
The  inferior  cava  did  not  groove  the  liver,  but  three  capacious 
hepatic  veins  opened  into  the  cava  at  the  diaphragmatic 
border. 

The  head  of  the  Paricreaa  lay  in  the  curve  formed  by  the 
duodenum  and  5th  compartment  of  the  stomach,  and  its  op- 
posite end  reached  the  dorsal  surface  of  the  Ist  compartment. 
The  hepatic  duct  descended  close  to  the  dorsal  surface  of  the 
pyloric  compartment  of  the  stomach,  and  entered  the  head  of 
the  pancreas,  where  it  was  joined  by  the  pancreatic  duct  The 
combined  duct  formed  a  sinus-like  dilatation,  and  then  pierced 
the  dorsal  wall  of  the  dilated  commencement  of  the  duo- 
denum. 

OenitO'Urinary  Apparatus, — The  hinder  end  of  the  peri- 
toneal cavity  was  prolonged  backwards  along  the  rectum. 
Four  csecal  pouches  were  recognised  in  connection  with  it. 
Two  were  lateral,  and  in  relatton  to  the  testicles,  which,  in- 
vested by  peritoneum,  projected  towards  the  cavity.  Each 
lateral  pouch  was  prolonged  backwards  behind  the  hinder  end 
of  the  testicle,  and  its  dorsal  wall  was  in  relation  to  the 
epididymis,  whilst  its  inner  boundary  was  formed  by  a  fold 
of  peritoneum  which  extended  inwards  to  the  side  of  the 
bladder,  with  the  peritoneal  covering  of  which  it  was  con- 
tinuous. Two  pouches  were  mesial ;  the  deeper  and  posterior 
was  in  relation  to  the  rectum,  and  was  separated  irom  a 
smaller  and  shallower  pouch  by  a  fold  of  peritoneum,  which 
passed  transversely  across  the  mesial  plane  as  &r  as  the  free 
border  of  the  peritoneum,  which  bounded  the  pouch  situated 
in  relation  to  each  testicle.  This  shallow  pouch  lay  between 
the  transverse  fold  and  the  dorsal  surface  of  the  bladder  and 
urethra.  If  a  male  uterus  had  been  present,  one  would  have 
expected  to  have  seen  it  in  this  transverse  fold  of  peritoneum. 


NOTES  OK  SOME  OF  THE  VISOEBA  OF  RISSO'S  DOLPHIN.    265 

Tee^ides. — ^Each  testicle  was  16  cm.  long,  and  2^  cm.  in  its 
greatest  transYerse  diameter.  In  relation  to  the  upper  border 
of  each  testicle  was  a  large  convoluted  epididymis,  which 
corresponded  to  the  whole  length  of  the  attached  border  of 
the  testicle,  and  projected  a  little  beyond  its  anterior  end. 
The  vas  deferens  emerged  from  the  posterior  end  of  the 
epididymis.  At  first  it  was  much  convoluted,  but  in  its 
passage  backwards  it  became  almost  straight,  and  gradually 
approximating  to  its  fellow,  it  became  enclosed  in  a  sheath 
common  to  the  two.  It  was  situated  in  relation  to  the  dorsal 
surface  of  the  urethra,  and  entered  along  with  it,  the  com- 
pressor prostatas  muscle,  to  be  subsequently  described.  The 
seminal  ducts  opened  into  the  dilated  prostatic  part  of  the 
urethra,  and  their  position  was  marked  by  a  distinct  longitu- 
dinal urethral  crest.  There  was  no  appearance  of  a  vesicula 
seminalis. 

The  Kidneys  possessed  the  usual  subdivision  into  lobules 
found  in  the  Cetacea. 

The  Bladder  was  elongated,  and  when  distended  with  air 
was  20  cm.  long,  and  7  cm.  broad  at  its  widest;  it  ended 
behind  in  a  funnel-shaped  prolongation,  which  was  continued 
into  a  membranous  cylindriform  urethra.  The  two  ureters 
opened  into  the  superior  surface  of  the  bladder,  a  little  in 
front  of  the  urethra.  The  hypogastric  arteries  ran  at  the 
aides  of  the  bladder  as  far  as  its  apex,  where  they  came  into 
relation  with  the  urachus,  and  along  with  it  passed  forwards 
on  the  abdominal  wall. 

The  cylindriform  part  of  the  urethra  ran  backwards  for 
90  mm.  and  then  entered  the  anterior  end  of  what  seemed  to  be 
a  thick  mass  of  muscle,  68  mm.  in  antero-posterior  and  60  mm. 
in  transverse  diameter.  This  muscle  completely  surrounded 
both  the  urethra  and  the  seminal  ducts ;  it  occupied  the  interval 
between  the  inter-pelvic  ligament,  which  was  on  its  ventral  sur- 
face, and  a  strong  recto-prostatic  fibrous  membrane,  situated  in 
close  relation  to  its  dorsal  surface,  which  intervened  between  it 
and  the  rectum.  The  fibres  of  this  muscle  sprang  laterally  and 
ventrally  firom  the  inter-pelvic  ligament,  and  arched  in  a  for- 
ward direction  to  the  dorsal  surface  of  the  mass,  where  the 
iiEtsciculi  from  opposite  sides  seemed  partly  to  blend  with  each 
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other,  and  partly  to  end  in  a  median  fibrons  Beptnm.  When 
this  mnsde  was  cut  into,  it  was  seen  to  enclose  a  fawn-coloured 
body,  into  the  substance  of  which  both  the  urethra  and  Beminal 
ducts  penetrated.     Both  in  colour  and  appearance  this  body 


£i[dsnation  of  Fi^.  S.— Dorwl  Borface  of  Bladder  and  (Jrethra.  B,  bladder; 
u,  ateter;  ur,  nnthra;  m,  vasa  deferentia;  p,  pelvic  bone;  ip,  iDterpeliio 
ligament;  cp,  coroprcsaor  muscle  of  the  proeUte;  ra,  ra,  retractor  ani 
iDuaolea,  the  tendon  of  origin  of  that  on  the  rif^ht  aide  ia  cot  thronfch  and 
tnmed  on  one  side.— Fiom  a  drawing  by  W.  Aldren  Tnmer,  M.B. 

was  obvionsly  not  composed  of  striped  muscle,  like  the  muscle 
by  which  it  was  surrounded.  It  had  a  granular  texture,  and 
when  examined  microscopically  was  seen  to  consist  of  gland 
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iicini,  containing  cells,  and  bands  of  what  seemed  to  be  non- 
striped  muscular  fibre  with  connective  tissua  Both  in  its  posi- 
tion and  relations  to  the  rectum  and  inter-pelvic  ligament,  and 
in  its  structure,  it  may  be  regarded  as  a  prostate  gland.  It  is  to 
be  observed  that  it  did  not  surround  the  neck  of  the  bladder,  but 
was  some  centimetres  removed  from  the  spot  where  the  bladder 
and  urethra  were  continuous  with  each  other.  The  walls  of  the 
urethra  when  surrounded  by  the  prostate  were  thin,  and  its 
lumen  was  dilated.  Immediately  on  leaving  the  prostate  the 
urethra  pierced  the  inter-pelvic  ligament,  and  turned  sharply 
forwards  into  the  corpus  spongiosum. 

The  muscle  which  enclosed  the  prostate  gland  would,  from  its 
arrangement,  act  as  a  compressor  of  that  gland  and  of  the 
urethra  and  seminal  ducts  enclosed  within  it,  and  it  may  be 
called  compressor  prostatce. 

Pelvic  BoTieSf  Inter-pelvic  Ligament,  and  Pelvic  Muscles. — 
The  most  complete  account  of  these  structures  in  the  Cetacea 
will  be  found  in  the  very  careful  descriptions  by  Dr  Struthers 
of  the  pelvic  apparatus  in  the  Greenland  whale  {BaloBna  mys- 
ticetus)  ^  and  the  hump-backed  whale  (Megaptera  longimana).^ 
In  dissecting  the  corresponding  parts  in  the  male  Risso's 
dolphin,  his  descriptions  and  drawings  were  before  us.*  But 
as  it  was  found  that  in  various  particulars  the  arrangement  of 
parts  in  the  dolphin  differed  from  what  Dr  Struthers  had  seen 
in  the  whalebone  whales,  I  have  thought  it  advisable  to  write 
a  description  of  these  structures. 

Each  pelvic  bons  consisted  of  an  almost  straight  bar,  some- 
what pointed  at  its  two  ends.  Its  length  was  108  mm.,  and  its 
greatest  breadth  was  14  mm.  Its  upper  surface  was  flattened, 
and  its  lower  sur£stce  was  somewhat  convex  from  side  to  side. 
No  trace  of  a  rudimentary  femur  was  connected  with  it. 

The  Inter-pelvic  Ligament  was  a  strong  fibrous  membrane, 
which  stretched  between  the  two  pelvic  bones,  and  was  attached 
to  their  inner  borders  for  a  little  more  than  the  anterior  half 
of  their  length.    It  formed  a  distinct  partition,  on  the  perineal 

*  JoumcU  of  AfuU,  and  Phys.,  voL  xv.,  1881. 
«  Ibid.,  vol.  xxii.,  1888. 

*  In  making  these  dissections  I  have  been  very  materially  assisted  by  one  of 
my  pupils,  Mr  J.  R.  Higson. 
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(ventral)  aspect  of  which  was  the  penk  with  its  muscles  and 
on  the  dorsal  aspect  were  the  {»t)8tate  with  the  urethra  and 
genital  ducts  and  the  rectum.  Its  posterior  border  was  thickened 
und  continuous  with  a  strong  recto-prostatic  fascia,  which  was 
situated  between  the  rectum  and  the  powerful  compressor  pro- 
statas muscle.  This  border  was  indented  in  the  mesial  plane, 
to  allow  of  the  lodgment  of  the  retractor  penis  muscle.  The 
anterior  border  was  free  near  its  pelvic  attachments,  but  nearer 
the  mesial  plane  it  was  fused  with  the  fibrous  tissue  of  the 
corpora  cavernosa  penis. 

The  Penis, — The  penis  arose  by  two  short  crura.  Each  eras, 
pointed  posteriorly,  sprang  from  the  ventral  surface  of  the  pelvic 
bone  in  its  posterior  part  for  a  distance  of  31  mm.,  but  did  not 
quite  reach  the  posterior  end  of  the  bone.  The  crara  were  also 
intimately  united  with  the  perineal  surfistce  of  the  inter-pelvic 
ligament,  and  near  the  anterior  border  of  which  they  joined  to 
form  the  body  of  the  penis.  The  length  from  the  point  of  the 
crus  to  the  orifice  at  the  end  of  the  glans  was  325  mm.  The 
two  corpora  cavernosa  were  firmly  united,  and  so  overlapped 
the  corpus  spongiosum  on  the  ventral  surface  of  the  organ  that 
it  was  only  partially  seen.  The  glans,  95  mm.  long,  was  elon- 
gated and  tapered  almost  to  a  point  at  the  urethral  orifice.  It 
was  concealed  by  the  prepuce  and  the  genital  slit  in  the  abdo- 
minal wall 

Hetractor  Penis. — A  well-marked  retractor  muscle  was  situ- 
ated on  the  middle  of  the  ventral  surface  of  the  penis.  It  con- 
sisted of  two  lateral  halves,  closely  united  together  by  areolar 
tissue,  and  formed  an  elongated,  somewhat  flattened,  thick,  pale 
band  of  non-striped  muscle,  which  was  inserted  anteriorly  into 
the  penis  at  the  root  of  the  prepuce.  When  followed  backwards 
it  was  seen  not  to  be  adherent  to  the  corpus  spongiosum.  When 
midway  between  the  two  pelvic  bones  it  pierced  the  accelerator 
urime  muscle,  passed  behind  the  middle  of  the  posterior  border 
of  the  inter-pelvic  ligament,  and  was  then  attached  to  the  mus- 
cular wall  of  the  rectum  and  the  recto-prostatic  fascia. 

IschiO'Cavemosvs. — This  powerful  muscle  arose  from  the 
ventral  surface  and  outer  border  of  the  whole  length  of  the 
pelvic  bone  except  at  its  anterior  end.  It  completely  concealed 
the  crus  penis,  into  which  it  was  inserted,  but  it  was  also  pro- 
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bnf^  tor  a  short  distance  forwatds,  to  be  iowrted  ioto  the  side 
of  the  corpus  caveniosnoi  penis.  The  most  anterior  fibres  did 
not,  hoireTer,  pasa  in  front  of  a  transverse  plane  drawn  between 
the  ant«ior  ends  of  the  two  pelvic  bones,  so  that  its  insertion 
was  limited  to  the  himfer  part  of  the  penis. 
Aix^erator  Crtncs. — ^Thismtuole  occupied  the  interval  be- 


of  Fig.  8,— Ventral  Surfwe  of  root  of  Penia  with  its  Mnscles. 
ce,  corpns  caTernoenm,  and  et,  corpui  spongioaum  penis;  SP,  retractor 
psnia  mnicle;  P,  •nt«rior  end  of  left  pelvic  bone;  I/O,  iBchio-civemoBUB 
moscle;  ad,  ■ccalerator  luiuEe  muacle. — From  a  pcn-tnd-ink  aketch  b;  Dt 
James  Mnagrore. 

tween  the  posterior  halves  of  the  two  ischio-cavemosL  It  con- 
sisted of  two  symmetrical  halves,  separated  by  a  mesial  interval. 
They  were  traced  back  close  up  to  the  muscular  mass  of  the 
sphincter  ani,  and  formed  posteriorly  a  loop  around  the  retractor 
penis.    The  fibres  passed  forwards  from  this  loop  to  surronnd  the 
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bulb  of  the  urethra,  and  some  were  inserted  into  the  perineal 
surface  of  the  inter-pelvic  ligament ;  but  the  most  anterior  fibres 
were  inserted  into  the  corpora  cavernosa  as  far  forward  as  about 
the  middle  of  the  insertion  of  the  ischio-cavemosus  muscle. 

Betractor  Ani, — A  well-marked  muscle,  which  arose  from  the 
dorsal  surface  of  the  anterior  end  of  the  pelvic  bone  by  a  strong 
and  somewhat  rounded  tendon.  It  passed  backwards  in  relation 
to  the  dorsal  surface  of  the  inter-pelvic  ligament  as  far  as  its 
posterior  border,  from  which  it  received  an  additional  slip 
of  origin.  It  was  then  prolonged  backwards,  to  end  in  the 
muscular  mass  of  the  sphincter.  From  the  presence  of  this  pair 
of  muscles  it  is  probable  that  the  dolphin,  like  the  horse,  pro- 
trudes the  anal  mucous  membrane  in  the  act  of  defecation,  and 
that  the  function  of  these  muscles  is  to  retract  it  on  the  comple- 
tion of  the  act.  The  muscles  are  red  and  transversely  striped. 
They  are  probably  to  be  regarded  as  special  modifications  of 
the  levatores  ani  of  the  anthropotomist 

A  fragment  of  a  muscle  was  attached  by  a  strong  tendon  to 
the  anterior  end  of  the  pelvic  bone,  but  as  its  connections  in 
front  were  not  preserved,  I  cannot  describe  it.  No  muscle  was 
seen  to  be  attached  to  the  posterior  end  of  the  same  bone. 


THE  MINUTE  ANATOMY  OF  THE  CENTRAL  NERVOUS 
SYSTEM,  ACCORDING  TO  GOLGPS  METHOD. 

1.  Sur  la  structure  de  T^orce  c^r6brale  de  quelques  mammif^res,  par 

S.  Ram6n  y  Cajal.     La  Celltde^  tome  yIL  fasc.  1,  p.  125. 

2.  La  structure  des  centres  nerveux ;  la  moelle  ^pini^re  et  le  cervelet. 

Par  A.  van  Gehuchten.    Ihid.y  p.  81, 

3.  YerhandluDgen  der  Anatomiscben  Gesellschaft,  Mai  1891,  contain- 

ing an  Address  by  Professor  A.  von  Kolliker  on  tbis  subject. 

(Translated   and  Abstracted  by  William  Aldrbn  Turner,   M.B. 

(Edin.),  M,RC.P.  (Lond.). 

Thb  metbod  adopted  by  Golgi  for  tbe  examination  of  tbe  central 
nervous  system  gave  sucb  striking  and  novel  results  tbat  anatomists 
were  slow  in  accepting  many  of  the  facts.  Mucb  work  has,  however, 
been  done  recently  with  a  view  to  confirm  his  experiences,  mainly  by 
Ram6n  y  Cajal  of  Barcelona,  Martinotti,  Sala,  v.  Lenbossek,  and  von 
Kolliker.  The  confirmatory  observations  of  Kolliker  have  been 
communicated  in  this  Journal  (vol.  xxv.  p.  443).  A  brief  resume  of 
what  is  now  known  regarding  the  minute  anatomy  of  the  spinal  cord 
and  brain  will  be  given,  based  upon  the  two  important  contributions 
in  "La  Cellule,"  and  upon  Professor  KoUiker's  address  before  the 
Anatomical  Society  in  Munich. 

1.  The  Cerebral  Cortex. 

Ram6n  y  Cajal  has  examined  the  cortex  in  small  mammals  (rats, 
rabbits,  &c.).  He  divides  it  into  four  layers.  First,  or  molecidar  layer. 
— This  the  most  superficial  layer,  is  composed  of  nerve  fibres,  nerve 
cells,  and  the  protoplasmic  expansions  of  the  subjacent  pyramidal 
cell&  The  nerve  fibres  are  extraordinarily  abundant,  and  run 
parallel  to  the  surface  of  the  cortex ;  some  of  them  have  been  ob- 
served to  pass  into  the  subjacent  layers,  and  become  continuous  with 
axis-cylinder  processes.  Of  the  nerve  cells  three  kinds  have  been 
described  : — (a)  Polygonal  cells,  not  numerous,  and  possessing  proto- 
plasmic processes  which  pass  off  in  all  directions,  (b)  Fusiform  cells; 
these  he  found  lying  in  a  horizontal  antero-posterior  direction.  They 
have  only  two  protoplasmic  processes,  one  from  either  pole.  Owing 
to  their  great  length  it  is  almost  impossible  to  follow  out  their  whole 
course,  but  they  bend  and  end  free  under  the  surface  of  the  cortex. 
The  axis-cylinder  processes  (for  there  may  be  two  or  three  of  them) 
arise  from  the  protoplasmic  expansions  at  a  considerable  distance 
from  the  body  of  the  cell.  They  give  off  at  right  angles  numbers  of 
ascending  collaterals,  which  end  free  in  this  layer.  It  is  not  un- 
common to  find  a  supernumerary  axis-cylinder.     The  fusiform  cell^ 
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are  not  numerous,  (e)  Triangalar  cells;  these  are  much  more 
plentiful  than  the  preceding ;  of  the  three  branches  which  each  cell 
gives  off,  one  is  descending  and  bifurcates.  There  are  two,  three,  or 
more  axis-cylinder  prolongations,  which  always  arise  from  the  proto- 
plasmic processes.  Some  pass  to  the  surface  of  the  layer,  and  others 
terminate  free.  The  protoplasmic  expansions  of  subjacent  pyramidal 
oelk  ramify  to  a  considerable  extent  in  this  layer,  and  end  under  the 
free  surface.  There  are  also  oblique  and  arciform  branches  which 
end  in  different  parts  of  this  layer.  Here,  then,  is  an  arrange- 
ment similar  in  all  respects  to  that  which  obtains  in  the  molecular 
layer  of  the  cerebelluuL  In  his  previous  works  Bam6n  y  Cajal  had 
considered  the  protoplasmic  processes  not  as  absorbers  of  nutrition, 
but  as  the  means  of  communication  of  nervous  action  between  neigh- 
bouring cells  and  elements  at  a  distance.  In  applying  this  principle 
to  the  molecular  layer  of  the  cerebral  cortex,  one  observes  that  the 
fusiform  and  triangular  elements,  by  means  of  their  multiple  axis- 
cylinder  prolongations  and  very  long  protoplasmic  expansions,  are  in 
contact  with  and  intermix  with  a  great  number  of  the  terminal  pro- 
toplasmic processes  of  the  subjacent  pyramidal  cells.  It  is  not  un- 
likely that  some  of  these  may  functionate  by  contact.  It  is  on  this 
supposition  that  the  term  "  association  cells "  has  been  given  to  the 
elements  of  the  molecular  layer. 

Second  layer  (layer  of  small  pyramidal  cells). — ^In  mammals  these 
cells  are  not  proper  pyramids,  but  are  polygonal  or  star-shaped. 
The  protoplasmic  processes  pass  off  from  the  upper  and  lateral  angles, 
and  terminate  in  the  molecular  zona  The  axis^^ylinder  descends, 
but  its  termination  is  yet  the  subject  of  much  investigation.  The 
author  states  that  he  has  traced  it  into  the  white  matter,  and  on- 
wards into  the  corpus  striatum  (from  cells  in  the  frontal  lobes),  and 
into  the  corpus  callosum  (from  cells  in  the  Rolandic  area).  In  their 
course  they  give  off  collaterals. 

Third  layer  (layer  of  large  pyramidal  cells). — ^This  layer  passes 
insensibly  out  of  the  previous  one.  In  mammals  it  resembles  that  of 
man,  except  that  the  cell  bodies  are  less  pyramidal  and  more  ovoid, 
and  the  protoplasmic  processes  are  shorter.  The  axis-cylinder 
descends  in  a  straight  line  into  the  white  matter,  where  it  becomes 
continuous  with  an  association  or  projection  fibre.  It  gives  off  many 
collateral  branches,  which  assume  a  horizontal  and  oblique  course, 
and  end  near  the  molecular  layer.  Nearly  all  the  collaterals  end  in 
a  small  expansion  without  any  branching. 

Fourth  layer  (layer  of  polymorphic  cells.) — ^The  cells  are  mainly 
globular,  but  some  are  fusiform,  and  of  various  pyramidal  types. 
They  all  have  ascending  and  descending  protoplasmic  processes,  the 
former  of  which  end  in  the  middle  layer  of  the  cortex,  the  latter  in 
the  white  matter.  The  greater  number  of  axis-cylinder  expansions 
descend  and  give  off  fine  collateral  branches,  which  end  as  a  delicate 
fibril  in  the  white  substance.  This  layer  is  in  contact  with  the  white 
fibres. 

Scattered  throughout  these  layers  are  certain  other  elements  which 
require  description  : — 1.  The  sensory  cells  of  Grolgi, — ^They  are  met 
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with  in  all  the  layere,  but  mainly  in  the  fourth  or  deepest  £one. 
Their  protoplasmic  processes  pass  ofif  in  all  directions,  and  are  of  con- 
siderable length,  but  they  do  not  reach  the  molecular  layer.  The 
axis-cylinder  descends,  has  a  short  course,  and  ends  free  in  a  complex 
ramification.  Ram6n  y  Oajal  does  not  hesitate  to  disprove  their 
sensory  nature,  as  advocated  by  Grolgi ;  he  inclines  to  the  view  that 
they  are  "  associaUon  cella''  2.  CelU  with  an  ascending  axit-cyUnder. 
— They  are  triangular,  and  lie  amidst  the  small  pyramidal  cells.  The 
axis-cylinder  enters  the  molecular  layer.  Here  it  divides  into  hori- 
zontal fibres  of  great  length.  But  all  the  cells  are  not  prolonged  so  far 
as  this  layer ;  a  similar  disposition  of  branches  takes  place  also  in  the 
second  and  third  layers.  3.  Whtte  fibres^  which  ramify  in  the  grey 
matter, — These  are  amongst  the  largest  fibres  which  cross  the  cortex. 
They  are  larger  than  the  axis-cylinder  process  of  the  large  pyramidal 
cells.  They  penetrate  the  cortex  at  a  right  or  obtuse  angle,  and 
divide  into  two  or  three  large  branches.  These  repeatedly  divide, 
and  end  in  the  layers  of  small  and  large  pyramidal  cells.  These  fibres 
never  anastomose  with  other  fibres  in  the  grey  matter,  nor  do  they 
terminate  in  cells.  The  author  cannot  confirm  Golgi's  belief  that 
they  are  sensory.  4.  The  nerve  plexus  of  the  grey  matter, — The  inter- 
vals between  the  nerve  cells  are  filled  in  by  varicose  fibres,  formed  by 
collaterals  of  the  pyramidal  and  polymorphic  cells,  by  the  terminations 
of  the  sensory  cells  of  Golgi,  by  the  collaterals  and  terminals  of  the 
cells  having  an  ascending  axis-cylinder,  by  the  collaterals  of  the  asso- 
ciation fibres  of  the  white  matter,  and  by  the  collaterals  and  termi- 
nals of  the  fibres  coming  from  distant  central  organs,  and  from  the 
corpus  callosum  I  The  enormous  complexity  of  the  nerve  network  of 
the  grey  matter  is  sufficiently  apparent  from  this  description.  No 
idea  of  the  innumerable  ramifying  fibres  in  the  cortex  can  be  obtained 
by  the  Weigert-Pal  method. 

The  white  matter.  1.  Fibres  proper  to  the  cortex,  or  association 
fibres. — The  axis-cylinders  of  the  cortical  cells  are  continued  into 
these  fibres,  either  by  simple  bending  at  a  right  angle,  or  by  dividing 
into  a  T  or  Y  in  the  white  matter ;  the  branches  of  bifurcation  pass 
in  opposite  directions.  After  some  distance  the  fibres  turn  back  into 
the  cortex,  and  end  by  dividing.  In  the  outer  part  of  the  hemispheres 
the  fibres  chamge  their  direction  and  form  a  large  transverse  descend- 
ing tract — the  fasciculus  transversalis.  When  the  fibres  above  men- 
tioned divide  into  a  T  or  Y,  one  of  the  branches  goes  to  the  corpus 
callosum.  The  association  fibres  give  off  collaterals,  which  pass  at  a 
right  angle  into  the  cortex,  behaving  just  as  the  collaterals  of  the 
column  fibres  of  the  spinal  cord.  The  presence  of  collaterals  of  the 
white  fibres  of  the  brain  is  now  a  well-known  fact.  2.  The  corpus 
callosum, — The  fibres  of  this  structure  have  a  horizontal  course  in  the 
middle  portion,  but  laterally  they  are  ascending.  They  maintain 
their  paraHelism  omtil  they  reach  the  subcortical  white  matter,  where 
they  bend  amongst  the  arcuate  fibres,  and  pass  into  the  grey  sub- 
stance. They  give  off  collaterals,  which  also  pass  into  the  cortex. 
It  is  not  yet  certain  how  these  fibres  commence  or  terminate.  Some 
appear  to  be  direct  continuations  of  axis-cylinder  processes ;  others 


274  MINUTE  ANATOMY  OF  THE 

are  collaterals  of  the  axis-cylinders  of  projeoUon  and  association  fibres. 
Their  terminations  are  probably  delicate  ascending  fibrilke,  which 
are  found  distributed  through  the  middle  and  lower  layers  of  the 
cortex.  3.  Frojeetum  fibres, — ^These  are  the  direct  continuations  of 
the  pyramidal  and  polymorphic  elements  of  the  cortex.  They  give  off 
a  great  number  of  collateral  branches.  They  pass  into  the  corpus 
striatum,  where  many  are  seen  to  give  off  very  fine  ramifying  branches, 
which  end  in  the  cells  of  this  ganglion. 

Some  general  conclusions  are  worthy  of  note.  One  cannot  tell  by 
any  special  morphological  character  cells  whose  axis-cylinder  consti- 
tutes either  an  association,  a  projection,  or  a  commissural  fibre.  No 
direct  anastomoses  are  observed  between  the  nerve  fibres  of  the  grey 
matter.  Transmission  of  nerve  impulses  must  therefore  be  carried 
out  through  contact.  The  human  cerebriun  owes  its  superior  activity 
not  only  to  the  great  number  of  its  cells,  but  to  the  extraordinaiy 
richness  of  its  association  paths — t.e,  the  collaterals,  axis-cylinder,  and 
I  r jtoplasmic  expansions. 

The  Cerehellunk 

Van  Gehucten  describes  the  granular  layer  as  composed  of  three 
kinds  of  cells — small  and  large  nerve  cells  and  neuroglia  cells.  Each 
small  cell  has  a  polygonal  body,  from  each  angle  of  which  there  passes 
a  protoplasmic  process,  which  ends  freely  in  a  tuft.  The  axis-cylinder 
rises  from  a  protoplasmic  process,  and  passes  towards  the  molecular 
layer,  where  it  bifurcates ;  its  divisions  end  free.  The  large  ceUs  are 
met  with  in  close  relation  to  the  cells  of  Purkinj^.  They  have  many 
protoplasmic  processes,  some  of  which  pass  to  the  surface  of  the  cere- 
bellum. Others  are  horizontal,  and  end  in  the  granular  layer.  The 
molecular  layer  is  rich  in  small  cells.  They  give  off  protoplasmic 
processes,  which  pass  upwards  and  downwards,  while  the  axis-cylinder 
expansion  assumes  a  horizontal  course.  Some  of  the  collaterals  of 
this  pass  to  Purkinj6*s  cells,  which  they  envelop  in  a  tuft,  the  so- 
called  Korbzellen  or  basket  cells  of  Eolliker.  The  protoplasmic  pro- 
cesses of  Purkinj^s  cells  extend  into  the  molecular  layer ;  the  axia- 
cylinder  courses  through  the  granular  layer  to  the  white  matter. 

Further  study  of  the  cerebellum  has  given  rise  to  the  same  general 
conclusions  regarding  it  as  in  both  the  cerebrum  and  the  spinal  cord. 
The  true  nerve  element  is  the  cell  with  its  prolongations.  The  nerve 
elements  are  independent  of  each  other,  the  protoplasmic  processes 
end  free,  and,  whatever  its  disposition,  so  does  the  axis-cylinder. 
Finally,  the  transmission  of  impressions  here,  as  throughout  the 
cerebro-spinal  system,  takes  place  not  by  continuity,  but  by  contiguity 
or  contact. 

The  Spinal  Cord, 

Van  Oehucten  has  paid  special  attention  in  the  cords  of  small 
mammals  to  certain  points  which  were  still  sub  judice.  Firstly,  the 
relation  of  the  anterior  nerve  roots  to  the  cells  of  the  anterior 
nerves.    £ach  anterior  nerve  root  is  the  axis-cylinder  prolongation 
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of  a  cell,  the  protoplasmic  processes  of  these  "root  cells"  are 
numeroas,  and  form  an  inner  group,  which  passes  by  the  anterior 
oommissure  to  the  opposite  anterior  horn ;  an  antero-extemal  group 
which  passes  to  the  periphery  of  the  grey  matter;  and  an  antero- 
posterior group  which  passes  into  the  grey  matter. 

The  author's  researches  upon  the  posterior  roots  support  the  state- 
ments of  Eutschin,  Freud,  and  Klausner  that  some  of  these  root 
fibres  have  their  origin  in  cells  in  the  grey  matter  of  the  cord.  This 
is  opposed  to  the  views  of  (rolgi,  Eam6n  y  Cajel,  and  KoUiker. 
The  great  majority  arise  from  cells  in  the  posterior  ganglia,  and 
divide  into  ascending  and  descending  branches.  Both  give  ofif  col- 
laterals, which  pass  into  the  grey  matter.  A  great  many  of  these 
branches  end  in  close  relation  to  the  cells  of  Clarke's  column.  Many 
of  the  fibres  themselves  end  free  in  the  grey  matter  at  all  levels  of 
the  cord,  but  others  terminate  in  the  nuclei  of  Goll  and  Burdach. 
The  longitudinal  fibres  of  the  antero-lateral  column  behave  just  as 
those  of  the  posterior — i.e.,  that  at  variable  distances  they  give  off 
collateral  branches,  which  pass  into  the  grey  matter  and  end  free. 
All  the  nerve  fibrillcB  in  the  grey  matter  form  a  complex  network. 
They  remain  quite  independent  of  each  other.  Collaterals  of  the 
lateral  column  fibres  have  been  seen  to  cross  by  the  posterior  com- 
missure, and  end  in  the  grey  matter  of  the  opposite  posterior  horn. 

The  study  of  the  structure  of  the  spinal  cord  confirms  what  Golgi 
originally  noted — ^that  the  cells  do  not  anastomose  through  their  pro- 
toplasmic processes.  Each  cell  with  its  processes  forms  an  independent 
autonomous  structure.  His  has  shown  from  his  embryological  studies 
that  every  nerve  cell,  with  its  processes,  is  formed  by  the  transfor- 
mation of  a  neuroblast.  Nerve  cells  vary  immensely  in  size,  form, 
and  richness  of  processes ;  but  there  is  one  constant  structure,  the 
axis-cylinder  prolongation.  It  arises  directly  from  the  body  of  a  cell, 
or  from  one  of  the  expansions.  It  is  distinguished  by  the  cleanness 
of  its  contours  and  its  regular  course.  It  retains  an  unaltered 
diameter  for  a  long  distance ;  it  bifurcates  and  gives  off  collaterals. 
It  terminates  blindly  in  one,  two,  or  more  brancklets.  One  can 
therefore  divide  these  elements  into  two  main  sets — one  occupying 
the  top  of  the  cerebro-spiual  axis,  whose  process  conducts  centri- 
fugally ;  and  the  other  the  lower  part,  whose  process  conducts  cen- 
tripetally.  But  an  intermediate  class  exists,  whose  axis-cylinder 
process  bifurcates  and  conducts  upwards  and  downwards  ("mixed 
cells  ").  An  important  fact  in  nerve  physiology  is  therefore  confirmed 
— ^that  the  axis-cylinder  process  of  a  nerve  cell  is  a  conductor,  con- 
veying any  form  of  impression,  and  transmitting  it,  by  collaterals 
or  terminals,  to  corresponding  structures  with  which  it  comes  in 
contact. 
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Annual  of  the  Univerml  Medical  Seiencea^  a  Yearly  Report  of  the 
ProgresB  of  the  General  Sanitary  Sciences  throughout  the  World. 
Edited  by  Charles  £,  SajouB^  M.D.,  and  Seventy  Aflsociate 
Editors.  Illustrated  with  chromo-lithographs^  engravings,  land 
maps.     Philadelphia:  F.  A.  Davis^  1891. 

Wb  have  again  to  acknowledge  the  receipt  of  this  the  most  complete 
Annual  of  the  Medical  Sciences,  which  is  as  admirably  prepared  as 
any  of  its  predecessors.  It  has  now  reached  its  fourth  year  of  issue ; 
and  if  the  vigour  and  energy  which  have  characterised  the  preparation 
of  this  and  the  three  previous  series  be  continued,  we  may  predict  for 
it  a  life  of  prolonged  usefulness.  The  departments  of  Anatomy,  Phy- 
siology, and  Embryology,  which  are  of  more  especial  interest  to  our 
readers,  have  received  a  fair  share  of  space,  although,  as  may  only 
properly  be  looked  for  in  a  work  which  appeals  more  especially  to  the 
practitioner,  they  do  not  occupy  so  large  a  proportion  of  pages  as  is 
given  to  the  subjects  which  have  a  more  direct  bearing  on  medical 
and  surgical  practice. 


A  Guide  to  Opejutions  on  the  Brain.  Illustrated  by  42  life-size  plates 
in  autotype,  and  2  woodcuts  in  the  tesi^.  By  Professor  Alec 
Eraser.     London :  J,  <fe  A.  Churchill,  1890. 

Professor  Eraser  has  called  in  the  aid  of  photography  to  illustrafce 
the  anatomy  of  the  brain.  His  object  has  been  to  show  the  organ  in 
situ,  and  to  determine  the  relations  both  of  the  convolutions  on  its 
surface,  and  of  the  more  deeply  lying  parts,  to  the  exterior  of  the 
skull  and  the  scalp.  The  author  describes  the  methods  which  he  has 
pursued  to  harden  the  brain  in  its  place,  and  to  fix  on  the  surface  of 
the  head  graduated  tape-lines,  which  will  give  definite  measurements 
in  certain  directions.  He  then  describes  his  method  of  embedding 
the  head  which  he  is  studying  in  plaster  of  Paris,  and  the  steps 
which  require  to  be  pursued  in  order  to  obtain  a  series  of  photo- 
graphic negatives  of  dissections  in  various  planes  from  the  surface 
inwards,  which  may  afterwards  be  combined  into  composite  photo- 
graphic plates.  The  author  then  gives  a  description  of  the  relations 
of  the  most  important  parts  of  the  brain  to  the  surface,  and  concludes 
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his  text  with  a  bibliography  and  short  history  of  the  yarious  methods 
that  have  hitherto  been  employed  in  elucidating  the  relations  of  the 
cortex  to  the  cranial  vault  or  to  the  scalp.  The  plates  famish  a  very 
remarkable  series  of  views,  and  enable  the  anatomist  and  surgeon  to 
acquire  a  much  more  vivid  conception  of  the  surface  relations  of  the 
brain  than  can  be  found  in  any  previous  writings  on  the  subject.  The 
work  is  one  which  has  obviously  been  of  great  labour,  and  could  only 
have  been  executed  by  a  skilled  anatomist,  willing  to  give  much  time 
and  money  to  the  prosecution  of  the  object  which  he  had  in  view. 


The  Comparative  Anatomy  of  the  Domesticated  Animals,  By  A. 
Chauveau,  M.D.  Revised  and  enlarged  with  the  coK)peration 
of  S.  Arloing.  Translated  and  Revised  by  George  Fleming, 
C.R,  LL.D.  With  585  illustrations.  London :  J.  <k  A.  Churchill, 
1891. 

Db  Chauvbau's  treatise  on  the  Anatomy  of  the  Domesticated  Animals 
has,  since  its  first  appearance  in  Paris  in  1857,  been  known  as  one  of, 
if  not  the  best,  book  on  the  subject.  In  1874,  Mr  George  Fleming, 
so  well  known  as  one  of  the  most  accomplished  veterinarians  in  the 
countiy,  published  an  English  translation  of  the  book,  and  in  the 
present  year  he  has  produced  a  revised  and  enlarged  edition,  so  as  to 
bring  it  up  to  the  present  date.  In  this  edition  the  anatomy  of  the 
ass,  mule,  rabbit,  and  camel  have  been  considered,  in  addition  to  that 
of  the  animals  described  in  the  preceding  edition.  Numerous  addi- 
tional woodcuts  have  been  inserted  into  the  text,  making  in  all  585 
figures,  so  that  for  completeness  and  utility  Fleming's  translation  of 
Chauveau  will  undoubtedly  take  a  first  place  in  the  library  of  the 
veterinary  student. 


The  Tribes  and  Castes  of  Bengal.  By  H.  H.  Risley,  Indian  Civil 
Service ;  Anthropometric  data.  Vols.  i.  and  ii.  Calcutta^  Bengal 
Secretarial  Press.     1891. 

Mb  Rislby  has  for  a  number  of  years  been  engaged  in  taking  measure- 
ments of  the  heads  of  the  various  tribes  and  people  in  Bengal,  the 
North-Westem  Provinces  of  India,  and  the  Punjab.  The  instruments 
which  he  employed  were  those  recommended  by  Dr  Paul  Topinard  in 
his  JSlSments  cP Anthropologic  C^ttSraUy  and  (with  the  exception  of 
the  naso-malar  index,  which  was  calculated  after  the  manner  described 
by  Mr  Oldfield  Thomas  in  the  Journal  of  the  Anthropological  Institute, 
May  1885)  Dr  Topinard's  methods  of  measuring  and  calculating  indices 
were  followed  throughout 

The  two  volumes  contain  many  thousands  of  measurements  of  the 
height  and  width  of  the  nose ;  the  bi-malar  and  naso-malar  breadth ; 
the  cephalic  length  and  breadth ;  the  minimum  frontal  breadth ;  the 
maiimum  bi-zygomatic  breadth;  the  height  from  vertex  to  super- 
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ciliary  point,  from  vertex  to  tragus,  and  from  vertex  to  chin;  the 
stature  and  weighty  and  the  facial  angle.  The  following  indices  are 
calculated  from  the  measurements: — Nasal,  naso-malar,  cephalic, 
fronto-zygomatic,  vertico-cephalic,  vertico-bimalar,  vertico-frontal, 
vertico-bizygomatic,  and  height  and  weight 

No  descriptive  letterpress  accompanies  the  tables  of  measurements, 
but  the  author  promises  a  full  analysis,  showing  their  bearing  upon 
the  ethnology  of  Northern  India  and  upon  more  general  questions,  in 
a  separate  volume.  To  some  extent  probably  the  paper  read  by  the 
author  at  the  British  Association  meeting  in  Newcastle-on-Tync, 
1889,  a  brief  abstract  of  which  was  published  in  the  Transactions  of 
Sections^  p.  785,  furnishes  an  indication  of  the  author's  conclusions. 
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THE  MYOLOGY  OF  THE  LARYNX.  By  A.  A.  Kanthack, 
John  Lucas  Walker  Stvdent,  CaTnbridge  Um/oeraity. 
(Plates  VI,  VII.) 

Ik  a  research  (25)  on  the  histology,  normal  and  pathological,  of 
the  larynx,  my  attention  was  attracted  to  the  arrangement 
of  its  muscular  fibres.  Most  anatomists  have  dissected  the 
various  muscular  bundles  attached  to  the  laryngeal  cartilages, 
and  have  then  described  each  group  of  fibres  thus  separated  as 
a  special  muscle.  This  method  is  eminently  confusing.  Merkel 
(17),  for  example,  divides  a  single  muscular  mass  (Thyreo-arytsB- 
Doideus  internus  et  externus)  into  seven  parts,  giving  each  of 
them  a  separate  Latin  name.  Henle's  method  (1,  %  3)  is  more 
satis&ctory.  From  a  consideration  of  the  reptilian  and  amphibian 
types,  he  regards  as  a  whole  (sphincter)  the  MM.  arytaenoideus 
obliquus  and  transversus,  thyreo-arytaenoideus  internus  and 
externus,  and  the  crico-arytaenoideus  lateralis.  M.  Fuerbringer 
(10),  in  his  exhaustive  monograph,  disagrees  with  Henle's  views, 
basing  his  arguments  on  embryology  and  comparative  anatomy. 
In  what  follows,  I  propose  to  give  a  simple  account  of  the 
myology  of  the  larynx,  describing  only  the  usual  arrangement, 
and  neglecting  abnormalities. 

OeneroL  MeihocL 

The  method  employed  was  as  follows: — The  whole  laiynx 
was  embedded  in  celloidin.  Microscopic  sections,  arranged  in 
numerical  series,  were  made  fi:om  larynxes  of  all  age&  Uniform 
results  were  thus  obtained  after  the  examination  of  more  than 
fifty  specimens.  At  my  disposal  were  larynxes  of  two  months 
fcetuses,  four  months  foetuses,  fcBtuses  from  five  to  seven  months, 
new-bom  children,  children  from  one  to  four  years,  and  of  a  few 
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adults.  Having  convinced  myself  that  no  difference  exists  in 
the  minute  muscular  arrangement  of  adults  and  infants,  I 
chiefly  examined  the  latter,  as  easier  to  manipulate,  and  as 
giving  a  clearer  and  more  comprehensive  view.  The  plane  of 
the  sections  was  mostly  horizontal,  in  some  cases  coronal  or 
sagittal,  or  even  oblique. 

Developmental  Considerationa  (iigs.  1,  2,  3). 

The  respiratory  apparatus  is  primarily  developed  from  the  fore- 
gut,  and  hence  we  may  expect  that  at  an  early  period  of  develop- 
ment there  is  a  close  muscular  continuity  between  the  pharynx 
and  larynx.  At  the  second  month  there  is  a  continuity  between 
the  fibres  of  the  Constrictor  pharyngis  and  the  horizontal  fibres 
surrounding  the  larynx,  so  that  at  this  age  we  may  in  a  certain 
sense  speak  of  a  great  circular  muscle  surrounding  the  larynx 
and  pharynx.  In  the  earliest  embryo  which  I  have  examined 
(two  months),  branches  are  given  off  laterally  from  this  large 
muscular  ring,  and  pass  inwards  to  join  the  smaller  intrinsic 
ring  to  be  described  below.  The  outer  larger  ring  represents  the 
mass  of  the  Constrictores,  Stylo-pharyngei,  Crico-thjrreoidei,  &c. 

On  examining  the  intrinsic  ring,  we  find  that  (a)  the  thyreo- 
arytaenoid  muscle  is  but  slightly  developed  at  the  second  month, 
the  other  muscles  (i.6.,  Interarytsenoideus  and  Crico-arytaenoideus 
posticus)  being  well  marked ;  (b)  there  is  undoubtedly  a  close 
connection  between  the  Interarytsenoideus  and  the  Thyreo- 
arytaenoideus ;  (c)  it  is  impossible,  as  Disse  has  already  pointed 
out  (6),  to  separate  the  Thyreo-arytsenoideus  from  the  Crico- 
arytsenoideus  lateralis.  This  holds  both  in  the  child  and  adult. 
The  intrinsic  muscles  have,  at  least  up  to  the  fourth  month,  the 
same  direction,  so  that  in  this  manner  we  have  an  inner  smaller 
ring  within  a  larger  one.  This  inner  ring  represents  the  Thyreo- 
arytsBnoidei,  Crico-arytaenoidei  laterales  and  postici,  and  the  In- 
terarytaenoideus.  At  the  second  month,  however,  it  is  impossible 
to  separate  the  two  latter  muscles.  In  the  four-months  foetus,  at 
the  inferior  comu  of  the  thyroid  cartilage,  the  Crico-thyreoideus 
comes  in  close  contact  with  the  Constrictor,  so  that  at  this  stage 
it  is  impossible  to  separate  one  from  the  other.  The  mesial 
fibres  of  the  Crico-thyreoideus  have  the  same  direction  as  the 
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remaining  intrinsic  muscles  of  the  larynx  which  may  be  con- 
sidered in  the  light  of  a  sphincter. 

The  question  now  arises,  Is  the  idea  of  a  sphincter  tenable 
from  an  embryological  as  well  as  from  a  physiological  stand- 
point ?  On  comparing  figs.  1-3  we  find  that  the  Interarytse- 
noideus  sends  fibres  forwards,  though  these  form  only  a  small 
mass;  that,  again,  this  muscle  is  directly  continuous  with  the 
Crico-aiytsenoideus  posticus;  and  the  latter,  again,  with  the 
Cricothyreo-arytsenoideus  of  Cruveilhier  (12).  Hence,  although 
this  whole  mass  presents  varying  thicknesses  at  different  levels, 
it  may,  as  Henle  suggests  {loc.  cit),  be  regarded  as  a  sphincter. 
The  subsequent  partial  disappearance  of  this  sphincter-like 
arrangement  is,  in  my  mind,  due  to  two  factors — (i)  the  develop- 
ment of  the  larynx  in  a  vertical  direction,  and  (ii)  the  increased 
growth  of  the  arytaenoid  cartilages,  which  thus  contract  muscular 
attachments.  For  by  the  fourth  month  gradually  a  differentia- 
tion of  the  muscles  takes  place, — changes  in  the  direction  of  the 
fibres  being  caused  by  the  changes  in  the  relative  positions  of 
the  cartilages.  These  alterations,  as  Fuerbringer  (loc.  cit) 
remarks,  are 

"easily  explained  by  the  growth  of  the  thyroid  cartilage,  more 
especially  in  the  vertical  direction.  For  while  this  cartilage  in  the 
early  fcBtus  is  comparatively  of  only  moderate  length,  its  subsequent 
growth  in  length  is  more  marked  than  that  in  breadth,  the  upper 
part  of  the  cartilage  growing  more  rapidly  than  the  lower,  until  it 
reaches  its  full  development  in  the  adult." 

The  insertion  of  the  muscles  at  the  processus  muscularis  remains 
unchanged,  while  the  attachment  to  the  thyroid  cartilage  moves 
np.  It  is  as  though  the  larynx  had  expanded  upwards  and 
downwards,  the  plane  of  the  cords  remaining  fixed.  Hence  it  is 
that  the  fibres  in  this  fixed  plane  remain  straight  and  horizontal, 
while  the  others  run  either  obliquely  downwards  or  upwards. 
For  we  see  macroscopically  as  well  as  microscopically  (best  in  a 
five-months  foetus)  that  while  a  part  of  the  Interarytaenoideus 
and  Thyreo-arytaenoideus  presents  a  straight  and  horizontal 
course,  the  other  fibres  of  these  muscles  run  partly  obliquely 
upwards,  partly  downwards. 

I  must  here  mention,  that  since  this  paper  was  written,  I 
have  met  with  an  article  by  Dr  Strazza  (11),  and  I  find,  with 
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pleasure,  that  my  results  derived  firom  examining  very  early 
foetuses  entirely  agree  with  his,  as  far  as  the  myology  of  the 
larynx  is  concerned.    His  paper  was  published  in  1888. 

The  Mvsculatv/re  of  the  Adult  Larynx. 

After  these  preliminary  observations  on  the  condition  of  the 
muscles  in  the  embryo,  we  proceed  to  consider  the  musculature 
of  the  adult  larynx,  and  in  the  following  description  the  course 
of  the  fibres  will  be  traced,  as  though  they  arose  at  the  posterior 
or  dorsal  psirts  of  the  larynx,  as  this  simplifies  matters  con- 
siderably. 

(1.)  Muecvlue  IrvteraryUBTwideue. 

Neglecting  the  coarse  anatomical  insertions,  attention  will  be 
paid  to  the  direction  of  the  fibres.  In  all  systematic  works  on 
anatomy  two  parts  are  distinguished — (a)  a  purely  transverse 
one,  and  (6)  an  oblique  one.  Thus  Henle  Qoc.  dL)  separates 
this  muscle  into  two,  viz.,  the  Transversus  and  a  muscle  which,  on 
account  of  its  connection  with  the  Crico-thyreo-arytaenoideus,  he 
called  the  Thyreo-ary-epiglotticus.  That  this  division,  however, 
is  quite  artificial,  the  microscope  proves  beyond  all  doubt. 
Fuerbringer  (Jak,  cit)  also  speaks  very  decidedly  on  this  point : — 

''  Both  muscles  are  so  closely  connected  that  their  separation  accord- 
ing to  the  direction  of  the  fibres  is  an  artificial  result  of  dissection ; 
and  though  the  superficial  fibres  of  the  Transversus  show  a  somewhat 
obhque  coursCi  yet  a  separation  is  quite  impossible." 

Qenerally  the  anterior  or  ventral  fibres  extend  transversely  or 
horizontally  from  one  arytsenoid  cartilage  to  the  other.  In 
young  embryos  (three  to  four  months)  these  fibres  arch  around 
the  '^  poet-arytenoid  sinus,"  which  I  described  in  former  papers 
(25),  and  thus  do  not  run  straight  across,  but  later,  when  this 
sinus  is  not  well  marked,  they  extend  straight  from  one  side  to 
the  other. 

The  more  posterior  or  dorsal  fibres  of  the  Interarytenoideus 
are  not  horizontal,  but,  coming  firom  the  outermost  part  of  the 
arytaenoid  cartilage,  they  are  directed  obliquely  upwards  and 
decussate  behind  the  transverse  part  of  the  muscle  with  the 
corresponding  fibres  of  the  opposite  side  (fi^  4,  4a,  6,  6,  7). 
The  transition  from  the  straight  to  the  decussating  fibres  is  a 
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gradual  one,  and  at  times  we  may  see  the  decussation  in  both 
parts  of  the  muscle.  The  most  external  or  lateral  fibres  of  this 
muscle  have  no  attachment  at  the  cartilages.  The  most  super- 
ficial or  dorsal  fibres  can  be  traced  further  in  the  lateral  walls  of 
the  laiynx : — 

(a)  The  uppermost  fibres  run  to  the  cartilages  of  Santorini 

(to form  the  so-called  Musculus  cartilaginisSantoriai). 

(b)  The  intermediate  fibres  run  partly  independently  and 

partly  with  the  uppermost  fibres  of  the  Thyreo- 
curytaenoideus  in  the  ventricular  bands,  the  former 
being  found  chiefly  between  the  ventricle  and  the 
thyroid  cartilage,  the  latter  chiefly  on  the  mesial 
aspect  of  the  ventricle  (figs.  5  and  6). 

(c)  The  lowest  fibres  blend  altogether  with  those  runniDg 

in  the  crista  vocalis,  i.e,,  Thyreo-arytsenoideus  and 
Crico-aiytfienoideus  lateralis  (fig.  7). 

This  close  connection  between  the  Interaiytsanoideus  and  the 
Thyreo-arytsenoideus  was  first  insisted  on  by  Henle  (loe,  cit,), 
Fuerbringer  {loc,  cit,\  however,  expresses  himself  as  follows : — 

''From  the  standpoint  of  development  and  comparative  anatomy, 
it  may  be  proved  that  this  (%.e,,  the  superficial)  layer  of  muscles  is 
not  originally  laid  down,  but  secondarily  developed  from  a  special 
development  of  the  super^ciol  fibres  of  the  Thyreo-arytaenoideus  and 
the  Interarytanoideus." 

In  the  youngest  embryo,  however,  I  find  that  the  Interarytae- 
noideus  sends  fibres  into  the  lateral  walls  of  the  larynx,  and 
there  is  therefore  a  primary  connection  and  continuity  between 
the  Interarytdenoideus  and  the  Thyreo-aryts&noideua  I  agree, 
then,  with  Henle  in  considering  the  mass  of  the  InterarytaB- 
noideus,  Thyreo-arytaenoideus,  and  Crico-arytsanoideus  as  corre- 
sponding to  the  sphincter  of  the  reptiles  and  amphibia ;  4nd  I 
consider  it  quite  an  artificial  procedure  to  separate  a  number  of 
strata.  A  Thyreo-arytsenoideus  internus  and  extemus  can  be 
distinguished  as  little  as  Merkel's  seven  strata  (loc.  cit,),  or  the 
various  muscles  of  Luschka  (4),  or  the  three  of  Fuerbringer  (loc. 
ciL),  with  their  many  aberrations  of  origin  and  insertion. 
Microscopical  results  forbid  such  analyses,  which  besides  are 
highly  confusing.    This  muscular  mass,  as  even  Merkel  and 
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Fuerbringer  acknowledge,  forms  an  uniform  complex ;  whj  no^ 
therefore,  describe  it  as  such  ? 

(2.)  Muacvlua  Thyre(haryt<B7ioideu8. 

Disse  (6  and  7)  first,  and  after  him  Fuerbringer  (loc,  cit)  and 
Jacobson  (5),  have  denied  the  assertion  of  Harless  (13),  Merkel 
(17  and  18),  Luschka  (4),  Buehlmann  (16),  and  others,  that  it  is 
possible  to  separate  this  muscle  into  two  parts,  {.6.,  a  so-called 
''vocal  cord  muscle"  (Stimmbandmuskel),  or  intemus  and  an 
extemus.  The  microscope  teaches  that  the  muscle  is  one  and 
indivisible,  and  that,  moreover,  it  cannot  bo  separated  from  the 
Crico-arytsenoideus  lateralis,  as  far  as  direction  and  connections 
go.  To  be  quite  accurate,  it  must  be  mentioned  that  Henle 
{loc.  dt)  had  repudiated  this  division  into  an  exterous  and 
intemus,  and  that  Cruveilhier  (12),  and  after  him  Merkel  (loc. 
cit),  hinted  at  a  Grico-thyreo-arytaenoideus ;  but  it  was  Disse 
who  first  entirely  grasped  the  indivisibility  of  this  muscular 
mass.  He  says : — "  We  should  consider  the  Crico-arytsenoideus 
lateralis  the  second  head  of  the  Thyreo-ar3rtaenoideus,  on  account 
of  the  close  connection  of  the  fibres  at  their  insertion." 

On  this  point  I  have  on  a  former  occasion  (27)  examined  the 
cords  of  more  than  twenty  adults,  recently  of  a  large  number  of 
newly-born  infants,  foetuses,  and  children.  The  sections  were 
mostly  horizontal,  as  this  seemed  the  best  method,  for  in  coronal 
sections,  on  account  of  the  obliquity  and  curve  of  the  cords,  it  is 
quite  impossible  to  cut  one  and  the  same  cord  in  all  sections 
vertically  to  its  free  border;  in  &ct,  most  of  the  fibres  are 
divided  obliquely,  and  this  may  easily  lead  to  grave  fallacies. 

It  is  naturally  very  difficult,  after  having  analysed  so  com- 
plicated a  muscle,  to  build  it  up  again.  I  believe  that  all  claims 
will  be  fulfilled,  if  its  chief  component  parts  be  described.  At 
the  outset,  I  must  unfortunately  disagree  with  Dr  A.  Jacobson 
(St  Petersburg),  who  gives  us  a  lengthy  description  of  this 
muscle,  under  the  title  "  Zur  Lehre  vom  Bau  und  der  Funktion 
des  Musculus  Thyreo-arytsenoideus  beim  Menschen"  (5),  and 
has  come  to  the  conclusion  that  there  are  oblique  and  straight 
fibres  which  penetrate  the  substance  of  the  cord,  like  oblique 
teeth  of  a  comb,  and  insert  themselves  at  the  margin  of  the 
''  chorda."    The  dispute  as  to  the  insertion  is  a  very  old  one. 
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Ludwig  (20),  Earless  (13),  Eoelliker  (21),  Henle,  Hermann 
(22),  and  Banke  (28)  decided  for  an  insertion  of  muscular  fibres 
into  the  cord  itself;  while  Yerson  (15),  Luschka  (4),  and  Ruehl- 
mann  (16)  became  the  chief  representatives  of  the  opposite 
view.  According  to  Ruehlmann's  investigations,  no  muscular 
fibres  are  attached  to  the  elastic  tissue  of  the  vocal  band 
(chordaX  but  an  insertion  takes  place  below  the  rima  glottidis 
into  the  "  cord,  in  the  wider  sense  of  the  term."  It  is  unneced'' 
sary  to  quote  in  eostenao  the  views  of  the  various  authorities, 
but  enough  has  been  said  to  show  how  they  differ  on  this  point. 
Jacobson's  monograph  (5)  is  the  latest  on  the  subject  I  had 
access  to. 

In  my  opinion  there  is  only  one  means  of  deciding  this  ques« 
tion,  viz.,  to  cut  cords  as  fresh  as  possible  in  serial  sections,  and 
to  examine  each  one  microscopically  for  any  insertion  of  muscular 
fibres  into  the  tissue  of  the  chorda.  Muscular  fibres  at  their 
insertion  pass  by  transition  into  fibrous  (or  elastic)  tissue; 
hence,  this  appearance  may  be  considered  as  a  criterion  of  the 
insertion  of  a  muscle  [Koelliker].  Fresh  unstained  specimens 
are  to  be  treated  with  glycerin  or  strong  caustic  potash.  The 
relation  of  the  fibres  and  the  perimysium  to  the  elastic  tissue 
of  the  cord  can  thus  be  accurately  observed. 

A  real  insertion  can  easily  be  made  out  at  the  receding  angle 
of  the  thyroid  cartilage,  and  also  behind,  into  the  arytsenoid 
cartilage  and  its  processus  vocalis.  These,  then,  are  typical 
''  immediate  tendinous  insertions."  In  unstained  specimens  the 
optical  differences  are  much  better  marked  than  in  stained  ones, 
especially  when  such  staining  has  been  obtained  with  the  opaque 
hsematoxylin.  And  since  optical  differences  are  of  the  utmost 
importance  in  deciding  the  point  at  issue,  unstained  preparations 
were  employed  I  may  say  at  once  that  in  this  manner  I  have 
convinced  myself  of  the  truth  of  Luschka's  and  Verson's  descrip- 
tions, viz.,  that  an  insertion  never  takes  place  either  (i)  into 
the  chorda  or  (ii)  evefa  bdow  it,  as  Ruehlmann  (16)  declares. 
For  if  the  fibres  running  nearest  the  cord  are  examined,  no 
transition  of  striped  muscular  fibres  to  the  elastic  tissue,  nor 
any  connection  between  the  latter  and  the  perimysium  internum, 
is  visible.  But  the  optical  differences  clearly  show  that  these 
tissues  do  not  blend,  and  that  an  interval  always  exists  between 
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them.     An  oblique  section  or  shriuking  of  the  tissues  often 
resembles  an  insertion. 

Ajq  independent  description  of  the  direction  of  the  fibres  of 
this  muscle  will  now  be  given.  There  is  in  the  Thyreo-saytfie- 
noideus  a  large  muscular  mass,  which  forms  with  the  Crico- 
arytsenoideuB  lateralis  an  entire  system.  Still  I  consider  it  for 
the  present  advisable  to  keep  these  two  muscles  apart.  Three 
sets  of  fibres  can  be  distinguished  in  the  Thyreo-ajytsenoideus 
according  to  their  direction,  but  to  give  these  special  names  is 
entirely  artificial  and  confusing.  The  fibres  are  so  closely  blended 
and  interwoven,  the  transition  from  one  direction  to  the  other 
so  gradual,  that  a  natural  division  into  parts  is  out  of  the 
question. 

(a)  The  middle  portion  of  this  muscle,  which  corresponds 
to  the  vocal  cord,  is  more  or  less  horizontal,  and  it 
is  so  in  its  whole  expanse,  i.e.,  from  the  free  margin 
of  the  cord  to  the  thyroid  cartilage,  so  that  it  is 
quite  impossible  to  speak  of  an  "  intemus  and  an 
externus "  at  this  level.  These  fibres  converge,  as 
they  extend  forwards  to  be  inserted  into  the  angle 
formed  by  the  alse  of  the  thyroid  cartilage  (figs.  7 
and  8). 

(6)  The  upper  portion  is  directed  upwards  and  forwards 
from  the  arytsenoid  cartilage,  and  in  its  course 
blends  partly  with  fibres  of  the  Intewoytaenoideus, 
which,  as  was  described  above,  pass  round  the 
arytsenoid  cartilage  without  being  attached  to  the 
same  (figs.  4  and  4a). 

(c)  The  lower  portion  passes  from  the  arytsenoid  cartilage 
downwards  and  forwards,  and  is  inseparably  fused 
with  the  so-called  Crico-arytaenoideus  lateralis,  which 
latter  muscle  has  an  entirely  identical  direction 
(fig.  9). 

(a)  Considering  firstly  the  horizontal  fibres,  speaking  gene- 
rally, there  is  a  marked  tendency  of  the  fibres  which  come  from 
the  outer  lateral  regions  to  course  inwards,  eventually  lying 
parallel  to  the  cords.  In  most  cases  the  innermost  fibres — 
those  which   arise  from  the   processus  vocalis — are  directed 


THE  MYOLOGY  OF  THE  LARYNX.  287 

straight  from  behind  forwards.  The  outer  fibres,  in  order  to 
be  inserted  over  an  area  which  is  smaller  and  narrower  than 
their  place  of  origin,  must  necessarily  assume  an  oblique  course 
and  conyerge  forwards,  and  also  decussate  with  the  innermost 
straight  fibres  (fig.  8).  This  decussation  of  the  inner  and  outer 
fibres  may  be  seen  over  the  whole  area  extending  between  the 
aiytsenoid  and  thyroid  cartilages,  and,  as  before  mentioned,  the 
outer  fibres  tend  to  get  inside  the  mesial  ones.  In  some  oases  a 
Ssisciculus  of  fibres,  arising  just  outside  the  processus  vocalis, 
soon  decussates  with  the  fasciculus  coming  firom  the  processus 
itself,  and  then  forms  the  innermost  horizontal  band,  or  at  least 
joins  the  fibres  fi*om  the  processus  to  form  this  band.  This 
inner  bundle  is  inserted  at  the  so-called  sesamoid  cartilage, 
which,  as  mentioned  in  a  former  paper  (25),  and  as  Ejrause  (19) 
has  pointed  out  long  ago,  consists  of  dense  fibrous  tissue.  This, 
again,  is  a  typical  tendinous  insertion.  The  other  fibres  of  this 
horizontal  portion  are  inserted  into  the  perichondrium  of  the 
thyroid  cartilage. 

Thus,  as  Disse  (6  and  7)  and  Ruehlmann  (16)  have  stated, 
the  fibres  are  extremely  interwoven.  This  decussation  is  best 
observed  (a)  near  the  arytsenoid  cartilages,  (6)  more  anteriorly 
near  the  insertion  Speaking  very  generally,  as  far  as  the 
middle  or  horizontal  portion  is  concerned — (1)  the  fibres,  coming 
fiom  without  and  below,  decussate  with  the  inner  and  upper 
fibres,  and  the  more  external  the  origin  of  the  fibres  happens  to 
be,  the  more  anterior  the  place  of  decussation  must  be ;  (2)  the 
fibres,  the  origin  of  which  is  more  internal,  show  a  distinct 
tendency  to  pass  a  little  outwards ;  (3)  there  is  no  evidence  of 
any  insertion  into  the  '^chorda."  (In  one  case,  where  an 
infimtile  larynx  was  cut  in  numerical  series  and  then  stained 
with  carmin,  I  succeeded  in  proving  the  existence  of  an 
epimysium  between  the  muscle  and  the  "  chorda,"  the  fibrous 
tissue  of  the  epimysium  being  stained  intensely  red,  while  the 
elastic  tissue  of  the  "  chorda  "  hardly  took  the  dye  at  all.) 

(6)  The  Jihrea  which  are  directed  doionwa/rds  aTid  forwards 
form  a  mass  with  the  Crico-arybenoideus  lateralis,  extending 
between  the  arytsenoid,  thyroid^  and  upper  border  of  the  cricoid 
cartilages.  Sometimes  an  intersectio  tendina  partially  separates 
the  two  muscles,  but  as  Luschka  (4)  remarks,  they  have  the 
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same  direction  and  form  an  uninterrupted  stratum.  The 
relation  of  the  Crico-arytsenoideus  lateralis  to  the  Crico- 
thyreoideus  is  important,  (i)  A  portion  of  the  latter  muscle 
arises,  as  Luschka  (4)  mentioned,  from  the  inner  surface  of  the 
thyroid  cartilage,  and  here  it  comes  in  close  relation  with  the 
Crico-arytsenoideus  lateralis,  these  two  being  nt  times  separated 
only  by  a  small  interval  €Oiitaining  vessels  and  nerves,  at  times, 
hamewer,  1>eing  quite  inseparable,  (ii)  At  their  insertion,  also, 
the  two  muscles  blend.  This,  of  course,  only  applies  to  the 
fibres  of  the  Crico-thyreoideus  which  are  directed  do¥niwards 
and  forwards  (the  so-called  Crico-thyreoideus  anticus). 

{c)  The  JUyrea  of  the  Thyreo-arytcBnoideibs  running  upwards 
and  forwards  are  more  complicated.  Coming  from  behind, 
they  pass  along  the  outer  side  of  the  ventriculua  But  as  soon 
as  the  latter  has  risen  properly  above  the  level  of  the  cord  they 
diverge,  so  as  to  embrace  the  ventricle  (figs.  4,  4a,  5,  6).  Ante- 
riorly they  again  join  to  reach  the  thyroid  cartilage  and  the  base 
of  the  epiglottia  The  upper  fibres  are  lost  in  the  neighbourhood 
of  the  epiglottis,  while  the  lower  ones  are  inserted  into  the 
thyroid  cartilage.  These  upper  oblique  bundles  of  the  Thyreo- 
arytsenoideus,  as  they  surround  the  sacculus,  are  strengthened 
by  fasciculi  of  the  Interarytsenoideus  (see  above).  The  upper- 
most fibres  of  the  latter  are  found  in  the  arytseno-epiglottidean 
folds  in  which  they  pass  upwards  and  forwards.  The  most 
superficial  ones  end  in  the  neighbourhood  of  the  cartilage  of 
Santorini,  and  are  very  shorfc.  The  further  down  they  are 
traced  the  longer  they  become.  As  long  as  they  are  in  the 
arytseno-epiglottidean  folds  they  do  not  reach  the  epiglottis. 
In  the  ventricular  bands  we  find  most  of  the  fibres  on  the  outer 
side  of  the  sacculua  As  the  fibres  which  enclose  the  ventricle 
are  directed  upwards  and  forwards,  it  is  naturally  impossible 
in  strictly  horizontal  sections  to  find  a  complete  muscular  ring 
around  the  sacculus.  This  is,  however,  well  seen  in  oblique 
sections.  Anteriorly  these  fibres  end  partly  at  the  thyroid 
cartilage  and  partly  near  the  base  of  the  epiglottis.  The  "  ven- 
tricular muscle"  of  Ruedinger  (9)  and  Simanowsky  (8)  is, 
therefore,  not  a  special  muscle.  I  cannot  agree  with  one  of 
them  (S.)  in  his  statement ''  that  this  muscle  has  no  connection 
whatever  with  the  M.  Thyreo-arytsenoideus."    This  muscle  ia 
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indeed  nothing  but  part  of  the  whole  muscular  complex,  and  does 
not  deserve  a  special  name. 

I  have  never  seen  fibres  corresponding  to  Luschka's  '' Re- 
flector" of  the  epiglottis  (4),  and  am  inclined  to  deny  the 
enetenee  of  any  such  endolaryngeal  muscle.  But  in  some  cases 
muscular  fifans  are  found  on  the  anterior  surface  of  the 
epiglottis  which  come  from  the  pharynx^  and  may  well  represent 
the  function  of  a  '*  Levator  "  or  "  Oenio-epigiotlicaB*  (Lmchka). 
AgEOD,  occasionally  a  few  fibres  of  the  larjnigo-pharyngeus 
(Henle)  may  be  met  with  in  the  arytseno-epiglottidean  folds 
near  the  epiglottis.  These,  however,  are  of  no  interest.  Con- 
nections between  the  pharyngeal  and  laryngeal  muscles  may  at 
times  be  seen,  the  circular  fibres  of  the  pharynx  communicating 
with  the  laryngeal  sphincter.  This  recalls  the  foetal  arrange- 
ment 

To  sum  up  shortly :  the  Thyreo-arytsenoideus  consbts  of  (a) 
a  horizontal  middle  portion,  the  fibres  of  which  run  straight 
from  behind  forwards,  decussate  and  are  interwoven  in  a 
marked  manner;  (6)  an  upper  ascending  portion,  passing 
through  the  ventricular  bands  and  the  arytseno-epiglottidean 
folds,  and  blending  with  the  fibres  of  the  Interar}rt8enoideus, 
enclosing  the  ventricle  to  end  near  the  epiglottis  or  at  the 
thyreoid  cartilage ;  (c)  a  descending  lower  portion  which  blends 
with  the  Crico-arytaenoideus  lateralis,  and  comes  into  close  con- 
nections with  the  Crico-thyreoideus. 

(3)  Mu8cidu8  Crico-arytcenoideua  posticus. 

In  young  embryos  (figs.  1,  2,  3),  and  up  to  the  thii*d  month, 
the  fibres  of  this  muscle  have  the  same  direction  as  the  Interary- 
taenoideus.  Later,  however,  a  "  displacement"  of  its  fibres  takes 
place,  so  that  its  upper  and  innermost  fibres  preserve  the  same 
direction  as  the  Interar3rt8enoideus,  whilst  the  outer  and  lower 
ones  (-1.6.,  the  bulk  of  the  muscle)  pursue  a  more  vertical  course. 
This  connection  with  and  relation  to  the  Literaryt^noideus  is 
evidently  of  great  importance  with  regard  to  some  pathological 
and  clinical  questions  (paralysis,  &c.),  and  on  this  account  it  was 
deemed  necessary  to  devote  special  attention  to  this  muscle. 
From  independent  investigation  I  can  indorse  the  statement  I 
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find  put  forward  by  Dr  Jelenffy  (14),  that  "  the  uppermost  fibres 
of  the  Crico-arytsenoideus  posticus  always  have  so  close  a  con- 
nection with  the  lowest  fibres  of  the  lQterar}rt8enoideus,  that  we 
might  say  they  are  fused  (yerwachsenY*  The  external  vertical 
fibres  of  the  Crico-ary  tsenoideus  posticus  approach  the  processus 
muscularis  in  an  arched  manner  {im  Bogen)  to  be  inserted 
there,  or  as  Jelenffy  has  it,  *' erst  etvKca  ahgerundet"  while  the 
horizontal  fibres  approach  the  arytseuoid  cartilage  in  the  manner 
of  the  Interarytsenoideus.  I,  therefore,  am  at  one  with  JelenflFy 
in  considering  ''that  part  of  the  Crico-arytsenoideus  posticus 
which  is  attached  to  the  lower  region  of  the  processus  muscularis 
as  the  true  abductor  of  the  cord  and  the  whole  inner  horizontal 
part  as  a  phonatory  muscle,  equal  in  importance  to  all  its 
fellows."  It  should  be  mentioned,  that  Fuerbringer  (10)  con- 
siders a  closer  connection  between  the  Crico-arytsenoideus  and 
the  InterarytSBUoideus  to  be  of  rare  occurrence. 

A  few  miuute  muscles,  described  separately  by  Luschka  (4), 
are  in  all  cases  simply  parts  of  larger  muscles,  and  do  not 
require  special  names.  Thus  the  Ary-comiculatus  obliquus  of 
Luschka  is  only  part  of  the  Interarytsenoideus,  the  Crico- 
thyreoideus  posticus,  or  Kerato-cricoideus,  a  brarch  of  the  Crico- 
arytsenoideus  posticus,  the  Dilator  and  Constrictor  Vestibuli,  and 
Th3rreo-aryt8Bnoideus  superior  parts  of  the  Thyreo-arytsenoideus 
(c/.  also  Fuerbringer). 

Conclusion, 

This  study  of  the  laryngeal  myology  is  also  of  special  patho- 
logical interest,  chiefly  with  regard  to  problems  of  nervous 
lesiona  Physiologists  and  laryngologists  are  at  variance  with 
one  another  as  to  the  true  explanation  of  Bosenbach-Semon's 
law  (29),  which  states  ''  that  in  progressive  organic  lesions  of 
the  motor  laryngeal  nerves  from  the  bulb  downwards  to  the 
periphery,  the  abductors  of  the  vocal  cords  always  suffer 
primarily/'  Messrs  Semon  and  Horsley  (24)  have  lately  done 
much  to  clear  up  the  subject  of  the  ''  motor  nervous  system  of 
the  larynx,"  extending  a  research  which  Professor  H.  Krause  (26) 
had  made  peculiarly  his  own.     The  joint  authors  write : — 

"The  third  question  which  results  from  the  .pathological  facts 
ascertained  by  Rosenbacb  and  Semon,  viz.,  that  in  progressive  organic 
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disease  of  the  roots  and  tninks  of  the  laryngeal  nerves,  first  the 
clinical  phenomena  of  isolated  abductor  paralysis  are  encountered, 
and  that  post  mortem  the  abductor  muscles  are  found  to  have  degene- 
rated more  than  the  adductors  or  even  exclusiyely,  is  naturally  this : 
Are  there  notable  differences  between  the  nerve  fibres  supplying  these 
antagonistic  groups  of  muscles,  or  are  these  differences  to  be  found  in 
the  biological  constitution  of  the  muscles  themselves?" 

In  this  spirit,  a  careful  study  of  the  muscles  of  the  larynx 
seems  to  be  of  importance.  The  following  points  in  connection 
with  the  biological  constitution  of  the  muscles  and  the  myology 
of  the  lai7nx  are  noteworthy : — 

(1)  The  preponderance  of    sphincter-fibres  over  dilator- 

fibres. 

(2)  Taking  the  muscles  as  special  and  individual  muscles, 

as  it  is  generally  done,  there  is  no  muscle  con- 
taining exclusively  dilator-fibres. 

(3)  The  Crico-arytsenoideus  posticus  acting  with  the  Crico- 

arytaenoideus  lateralis,  &a,  must  cause  an  approxi- 
mation of  the  cords,  ix.,  act  as  sphincter. 

(4)  The  close  connection  between  the  Crico-thyreoideus 

(anticus)  and  the  mass  of  the  Thjrreo-arytaBnoideus 
and  Crico-arytsBnoideus  lateralis  [cf.  B.  Wagner  (30)]. 

Further  questions,  as,  e,g.,  the  possibility  of  a  motor  and 
inhibitory  nervous  mechanism,  must  be  left  for  a  future  time. 
The  purpose  of  this  sketch  was  a  simplification  of  the  myology 
of  the  larynx,  founded  on  anatomical  observations  made  on 
organs  removed  from  human  embryos  and  individuals  of  all 
ages.  I  hope,  at  a  future  time,  to  add  the  results  of  com- 
parative anatomical  studies. 

For  the  drawings,  I  am  indebted  to  Robert  Schwann,  Esq. 
(Berlin).  My  thai^  are  due  chiefly  to  Professor  Virchow  for  his 
generosity  in  placing  his  laboratory  at  my  disposal,  and  for  its 
unrivalled  supply  of  material.  I  have  also  to  thank  Mr  Bowlby 
of  St  Bartholomew's  Hospital  for  some  valuable  material. 
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EXPLANATION  OF  PLATES  VI.,  VII. 

In  all  the  drawings  the  same   abbreviations  have  been  used. 
Thus— 

Th.  c  =  Thyroid  cartilage. 
C.  c  =  Cricoid  cartilage. 
A.  c  =  Arytflenoid  cartilage. 
L  c  =  Inferior  comu  of  thyroid  cartilage. 

h  =  Hyoid  bone. 

L  =  Lumen  of  larynx. 
Ph  =  Pharynx. 
S.  p  =  Sinus  pyriformis. 
P.  8  =  Pars  respiratoria. 
P'  s'  =  Post-ary teeuoid  sinus. 

1  =  pharyngeal  muscles. 

2«=M.  Interarytajnoideus. 

3  =  M.  Thyreo-arytfienoideus. 
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Figs.  1-3. — ffortzontal  sections  throtigh  the  larynx  of  an 

early  embryo,  ■ 

Fig.  1  shows  posteriorly  the  circular  pharyngeal  muscles.  On 
the  right  these  fibres  arch  around  the  inferior  comu  of  the  thyroid 
cartila^  to  blend  with  the  laryngeal  muscles.  This  specimen  shows 
clearly  the  sphincter-like  arrangement  of  the  intrinsic  laryngeal 
muscles,  the  M.  Thyreo-arytsenoideus  being  directly  continuous  with 
the  M.  Interarytsenoideus. 

Fig.  2  represents  a  horizontal  section  through  the  laT3nix  of  the 
same  embryo,  at  a  lower  level.  It  shows  pretty  much  the  same  as 
the  previous  figure,  with  this  exception,  that  the  M.  InteraryteBUoi- 
deuB  has  been  replaced  by  the  M.  Crico-aryteenoideus  posticus  (2'). 

Fig.  3.  A  horizontal  section  at  a  still  lower  level. 

3'  =  Mass  of  the  M.  Thyreo-aryteenoideus  and  M.  Crico-aryUe- 
noideus  lateralis.  This  is  seen  to  be  continuous  with 
the  M.  Crico-arytaenoideus  posticus  (2'). 


Figs,  la  and  2a. — Horizontal  sections  through  the  larynx 

of  a  four-months  foetus. 

Fig.  la  shows  distinctly  the  continuity  between  the  fibres  of  the 
M.  Thyreo-aryt«noideus  and  the  M.  Interarytcenoideus. 

Fig.  2a.  Through  the  true  vocal  cord.  Shows  the  same  as  fig.  la. 
V.  c,  =  vocal  cord. 


Fig.  3a. — An  obliquely  coronal  section  through  the  larynx 

of  a  foettis  (3-4  months). 

The  drawing  shows  how  the  M.  Thyreo-arytffinoideus  (3)  sends 
fibres  around  the  ventricle  (V)  into  the  ventricular  band  (v.  b.),  to 
form  the  "  ventricular  muscle  "  of  Ruedinger. 


Figs.  4-9. — Horizontal  sections  through  the  larynxes  of  new- 
bom  children. 

Fig.  4.  The  ventral  fibres  of  the  M.  Interarytsenoideus  (2)  stretch 
across  without  decussation,  while  the  dorsal  fibres  decussate.  On 
the  left  side  this  muscle  sends  off  fibres  to  join  the  M.  Thyreo- 
arytsenoideus  (3),  which  at  this  level  is  found  entirely  on  the  lateral 
aspect  of  the  ventricle  (V). 

Fig.  4a.  At  level  of  the  "  aditus  ad  ventriculum  laryngis."  The 
M.  Interarytsenoideus  (2)  sends  large  bundles  forwards  towards  the 
ventricle. 

Fig.  5.  At  a  higher  level  than  either  4  or  4a.  The  dorsal  or 
superficial  fibres  of  the  M.  Interaryttenoideus  (2)  arching  around  the 
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aryteenoid  cartilage  (A.  o.)  pass  towards,  and  around,  the  ventricle 
(V).  On  the  left  side  they  are  strengthened  by  bundles  of  the 
M.  Thyrea-arytaenoideus. 

Fig.  6.  A  similar  section. 

Fig.  7.  A  section  through  the  vocal  cords  (v.  a).  Behind  the 
decussation  of  the  M.  Interarytasnoideus  (2)  is  well  seen.  The 
dorsal  fibres  of  this  muscle  arch  around  the  arytienoid  cartilage 
(A.  c.)  to  join  the  M.  Thyreo-aryteenoideus  (3). 

Fig.  8.  This  drawing  should  be  studied  with  a  magnifying  glass. 
It  shows  well  the  decussation  of  the  fibres  of  the  M.  Thyreo- 
arytsBUoideus  (3),  and  their  relation  to  the  elastic  tissue  of  the 
vocal  cord  (v.  c). 

Fig.  9.  Section  through  the  crico-aryteenoid  articulation.  This 
specimen  demonstrates  well  the  close  connection  between  the  fibres 
of  the  M.  Thyreo-arytssnoideus  (3)  and  the  M.  Crico-arytsBnoideus 
lateralis  (3').     Behind  is  the  M.  Cricoaryteenoideus  posticus  (4). 


A  NOTE  ON  IDENTICAL  MALFORMATIONS  IN 
TWINS.  By  Bertram  C.  A.  Windle,  M.A.,  M.D.,  D.Sc, 
Prof esaoT  of  Anatomy  vm  the  Qtieen's  College^  Birmvng- 
Jta/m. 

The  twins,  whose  condition  forms  the  subject  of  this  communi- 
cation, were  sent  to  me  by  my  friend  Dr  Evers,  who  infonns  me 
that  they  were  contained  in  the  same  membranes.  The 
description  of  one  will  sufiBce,  with  a  few  slight  alterations,  for 
both.  There  was  a  deficiency  of  the  anterior  wall  of  the 
abdomen,  the  intestines  and  part  of  the  liver  being  contained  in 
a  thin  membranous  sac,  which  extended  from  iihe  umbilicus  to 
the  pubes.  From  between  the  thighs,  posteriorly,  there  hung 
a  sac  the  size  of  a  small  walnut,  which  sprang  from  the  poste- 
rior part  of  the  vertebral  column,  extending  upwards  to  about 
the  centre  of  the  sacrum.  On  the  inner  aspect  of  either  thigh 
there  was  a  small  fold  of  skin,  apparently  representing  the  labia 
majoia;  but  with  this  exception  there  was  no  appearance  of 
external  genitalia,  save  that  in  the  middle  line  there  was  a 
small  opening.  There  was  no  anal  orifice.  On  dissection  it 
became  evident  that  there  was  a  wide  separation  of  the  pubes 
of  either  sida  The  median  orifice  already  alluded  to,  led  into 
a  small  sac  which  represented  either  the  bladder  or  a  cloaca, 
probably  the  latter,  though,  partly  on  account  of  the  matting 
together  of  the  viscera,  due  to  the  spirit  in  which  the  specimens 
had  been  lying  for  some  time  prior  to  examination,  I  was  unable 
to  trace  any  opening  of  the  intestine  into  this  sac,  nor  was  I 
able  to  find  the  termination  of  the  intestine  elsewhere.  On 
opening  the  sacral  sac  its  fluid  contents  escaped,  and  it  was 
then  seen  to  be  lined  vrith  what  appeared  to  be  a  mucous  mem- 
brane, very  similar  to  that  of  the  bladder  in  naked-eye  appear- 
ance; in  &ct,  the  resemblance  to  the  interior  of  that  viscus  was 
very  marked,  being  increased  by  the  (?)  muscular  strands  which 
ran  in  various  directions  through  its  wall.  On  the  anterior 
wall  of  the  sac  were  two  openings,  the  upper  and  larger  of 
which  led  directly  into  the  theca  of  the  spinal  cord.  The  lower 
VOL.  XXVI.  (N.a  VOL.  vl)  X 
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and  ennaller  opening  was  situated  immediately  below  the  lower 
end  of  the  vertebral  column,  and  was  blind.  The  wall  at  its 
lower  end  was  extremely  thin,  and,  on  examining  it  with  a 
probe,  it  became  evident  that  it  was  formed  by  the  posterior 
wall  of  the  bladder  or  cloaca^  the  membrane,  in  £Eu^t,  being  a 
kind  of  party-wall  between  the  two  sacs.  The  two  foBtuses,  as 
I  have  already  stated,  were  in  every  respect  identical,  save  that 
in  one  the  urethral  or  cloacal  orifice  and  the  blind  pouch  at  the 
lower  part  of  the  sacral  sac  were  somewhat  larger  than  in  the 
other,  rendering  the  examination  of  the  parts  easier. 

Before  passing  to  the  general  question  of  similar  malforma* 
tions  in  twins,  it  will  be  well  to  consider  the  nature  of  those 
presented  by  the  specimens  in  question.  We  have  to  do  with 
a  sacral  sac  continuous  above  with  the  theca  of  the  spinal  cord, 
a  sacral  meningocele,  which  below  the  end  of  the  vertebral 
column  was  almost  continuous  by  a  narrow  passage  with  the 
cloaca.  This  condition  seems  to  me  to  be  best  explained  by  the 
supposition  that  there  has  been  a  partial  persistence  of  the 
neurenteric  canal,  together  with  the  formation  of  a  sac  by  the 
dilating  influence  of  the  rachidian  fluid.  The  possibility  of 
such  a  dilatation  of  this  passage  has  been  alluded  to  by  Bland 
Sutton  (1).  I  have  looked  through  Braune's  well-known  work 
(2),  but  have  fidled  to  note  therein  any  case  quite  corresponding 
to  that  just  described. 

Turning  now  to  the  subject  of  similar  or  identical  malforma- 
tions in  twins,  it  may  first  be  noted  that  in  twins  one  may  be 
affected  with  a  congenital  malformation  which  the  other  does 
not  share,  a  point  which  is  used  by  Vrolik  (3)  as  an  argument 
against  the  theory  of  maternal  impressions.  ''In  the  case  of 
twins,"  he  sajrs,  **  as  the  acephali  specially  show,  one  child  may 
be  malformed  and  the  other  in  perfect  condition,  notwithstand- 
ing they  were  both  exposed  to  the  same  influences/'  In  con- 
nection with  this  remark,  however,  it  must  be  noted  that  it  is 
highly  probable,  if  Cleland's  hypothesis  as  to  their  nature  be 
accepted,  that  the  acephali  are  not  cases  in  point,  and  that  if 
we  also  remove  from  consideration  those  instances  where,  as  in 
the  foetus  papjnracei,  the  malformations  of  one  twin  are  mechan- 
ically produced  by  the  other,  the  number  of  instances  where 
one  twin  is  normal  and  the  other  malformed  will  be  very 
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greatly  leducecL  Csaea  where  both  twins  are  affected  with 
identical  malformations  do  ocoiur,  according  to  Ahlfeld  (4), 
"nicht  selten."  I  am  somewhat  in  doubt  whether  they  occur, 
however,  with  the  frequency  which  this  remark  would  lead  us 
to  believe. 

In  the  Rotunda  Hospital,  Dublin,  during  the  seven  years 
intervening  between  1847  and  1854  there  were  delivered 
13,748  women,  of  whom  238  had  twins,  or  about  1  in  69  (5). 
Amongst  these  cases  of  twins  there  was  not  a  single  one  in 
which  the  two  children  presented  similar  malformations. 

I  have  looked  through  a  number  of  text-books  and  papers, 
and  will  now  briefly  detail  the  cases  which  I  have  met  with : — 

1.  Naegele  (6).    Twins  with  arrested  development  of  the 

external  genitalia,  so  that  both  were  considered  to 
be  female  until  their  seventeenth  year.  (Hypo- 
spadias.) 

2.  Katzky  (7).    A  similar  condition  of  hjrpospadias. 

3.  Van  Mons  O.  Max  (8).    Twins  with  hermaphroditismus 

masculinu& 

4.  Lehmann  (9).     Twins  wibh  occipital  meningoceles  of 

the  same  size,  both  also  affected  with  hypospadiaa 
6.  D'Outrepont  (10).     Twins  with  similar  condition  of 
spina  bifida. 

6.  Walters  (11).    Twins  with  occipital  meningocele  and 

arrested  development  of  the  upper  and  lower  extre- 
mities, both  of  which  were  only  one-fourth  of  their 
normal  length.  (Cionsidered  to  be  a  case  of  phoco- 
melia  by  Grerl.) 

7.  Otto  (12).    Twin  anencephali,  whose  palates,  though 

not  fissured,  were  both  marked  by  a  deep  longitu- 
dinal furrow.  (It  is  interesting  to  note  that  this  is 
the  only  case  of  twins  affected  with  similar  malfor- 
mations described  in  this  work.) 

8.  Ahlfeld  (18).    Male  twins  both  affected  with  right-sided 

congenital  hydrocela 

9.  Ellis  (14).    Twins,  each  affected  with  cyclopia. 

10.  Curling  (15).    Twins,  the  sex  of  whom  was  doubtful 
.    at  birth,  both  being  christened  as  boys.    A  post- 
mortem examination^  however,  revealed  the  fact 
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that  they  were  girls,  each  with  an  abnormally 
developed  clitoris. 

11.  Siebold  (16).    Twins,  possessing  six  fingers  on  each 

hand  and  six  toes  on  each  foot.  They  lay  in  the 
same  amniotic  cavity. 

12.  Delbaere  (17).    Twins,  each  possessing  a  supemomerary 

poUex  on  the  right  side. 

13.  Molina  (18).     One  twin  had  six  fingers,  and  the  other 

six  fingers  on  each  hand  and  six  toes  on  each 
foot. 

14.  Nicolas  (19).    Twins,  each  possessing  a  stemalis  muscle. 

(The  muscle  was  hereditary,  the  mother  also  having 
one.) 

15.  Nebensohn  (20).    Twins  with  a  remarkable  conforma- 

tion of  the  left  parietal  bone.  (I  have  not  been 
able  to  refer  to  the  original  paper  to  ascertain  the 
nature  of  this  malformation.) 

16.  Qalton  (21).    "  Three  pairs  of  twins  have  peculiarities 

in  their  fingers;  in  one  case  it  consists  in  a  sUght 

congenital  flexure  of  one  of  the  joints  of  the  little 

finger;  it  was  inherited  firom  a  grandmother,  but 

neither  parents  nor  brothers  nor  sisters  show  the 

least  trace  of  it.    In  another  case  the  twins  have 

a  peculiar  way  of  bending  the  fingers,  and  there 

was  a  faint  tendency  to  the  same  peculiarity  in 

the  mother,  but  in  her  alone  of  all  the  &mily. 

In  a  third  case,  about  which  I  made  a  few  inquiries, 

which  is  given  by  Mr  Darwin,  but  is  not  included 

in  my  returns,  there  was  no  known  family  tendency 

to  the  peculiarity  in  the  twins  of  a  crooked  little 

finger." 

The  cases  cited  above,  with   that   which   I   have    myself 

described,  are  good  examples  in  one  direction  of  the  similarity 

which,  in  different  ways,  exists  between  homologous  twins, — a 

similarity  explained  by  their  origination  by  the  fission  of  a 

single  ovum.    It  will  be  observed  that  instances  occur  of  the 

two  great  classes  of  malformations  by  defect  and  by  excess. 

In  the  former  case  it  might  perhaps  be  argued  that  the  arrest 

of  development  common  to  the  two  was  the  result  of  a  common 
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cariiBe  in  the  maternal  organisation,  or  in  the  placental  cir- 
culation,  though  even  then  there  must  be  a  remarkable 
siinilarity  in  the  embryos  to  respond  in  an  identical  manner 
to  the  same  stimulua  Bat  this  argument  cannot  be  applied 
in  cases  of  superfluity  of  development,  such  as  Polydactyly,  or 
hypertrophy  of  the  clitoris.  But  both  the  one  class  and  the 
other  are,  to  my  mind,  better  explained  by  the  theoiy  that  the 
twins,  proceeding  firom  a  common  ovum,  were  possessed  of  an 
identical  plasma  containing  inherently  the  tendency  to  the 
malformation  which  subsequently  developed 
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ON  THE  CAUSE  OF  THE  TWISTING  OF  THE  UM- 
BILICAL  CORD,  ILLUSTRATED  BY  MECHANICAL 
MODELS.  By  F.  J.  Allbn,  M. A,  M.B.  Cantab.,  Professor 
of  Physiology  im  Mason  OoUege,  Bi/miingharru 

The  umbilical  oord  of  the  human  foetus  becomes  twisted  upon 
itself  within  the  early  weeks  of  gestation.  The  number  of 
revolutions  is  variable,  and  accurate  information  as  to  the 
maximum  and  minimum  numbers  is  not  easily  accessible.  The 
twisting  consists  essentially  of  the  winding  of  the  two  umbilical 
arteries  around  the  single  vein,  the  surface  of  the  cord 
probably  moving  with  the  arteries  as  they  turn.  The  direc- 
.  ti6n  may  be  that  of  either  a  right  or  a  left  handed  screw. 
Possibly  cases  may  be  found  in  which  the  two  directions 
alternate,  but  this  condition  is  not  recorded  by  any  authority 
that  I  have  read.  The  twisting  does  not  occur  in  all 
mammalia.  Preyer  sought  it  in  vain  in  several  multipatous 
animals.  In  order  that  it  may  occur,  the  foetus  must  be  freely 
suspended  in  the  amniotic  cavity,  so  as  to  revolve  with  the  oord 
without  obstruction  through  contact,  of  amnion  itselE  The 
revolution  begins  very  early.  Preyer  found  it  begun  already  in  a 
human  embryo  one  inch  long,  and  very  complete  in  an  embryo 
of  eight  weeks. 

No  satisfactoty  explanation  of  the  cause  has  been  given, 
unless  that  which  I  offer  can  be  accepted.^  Preyer  and  others 
attributed  the  twisting  to  the  movements  of  the  embryo ;  but 
such  an  explanation  is  hardly  tenable,  for  it  supposes  that 
the  embryo  keeps  up  a  constant  movement  of  such  a  peculiar 
kind  as  to  keep  itself  revolving  on  the  axis  of  its  own  umbilical 
cord ;  and  what  form  of  movement  could  bring  this  about  it  is 
most  difficult  to  conceive.  For  my  part  I  prefer  to  look  for 
some  physical  property  in  the  cord  itself,  which  may  bring  about 
the  twisting  independently  (or  nearly  so)  of  foetal  movements. 

My  own  explanation  was  put  forward  six  or  seven  years  ago, 

^  See  Addendam  at  end. 
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incidentally,  in  an  article  in  ITature  (July  23,  1886,  p.  268). 
la  that  article  I  used  the  foUowing  words : — ^  The  twisting 
may  be  due  to  the  excessive  growth  of  the  umbilical  arteries^  so 
that  they  are  obliged  to  take  a  tortuous  course ;  and  when  a 
slight  obliquity  has  been  once  established,  every  pulsation  will 
tend  to  increase  the  spiral,  and  every  movement  of  the  foetus  or 
the  mother  will  be  taken  advantage  of;  the  cord  and  the  foetus 
revolving  together  until,  with  the  growth  of  the  foetus,  the 
friction  of  the  amnion  puts  an  end  to  the  rotation." 

It  had  from  the  first  appeared  to  me  possible  to  demonstrate 
this  action  by  means  of  a  working  model.  But  every  model 
that  I  could  mentally  devise  seemed  to  present  some  im- 
practicable featura  For  instance,  an  ideal  model  would  con- 
tain two  elastic  tubes,  in  imitation  of  the  umbilical  arteries, 
which  could  be  lengthened  at  will  by  forcing  water  into  them ; 
and  they  should  be  fixed  in  some  manner  which  would  allow 
them  to  twist  spirally  around  each  other  during  their 
lengthening.  But  practically  a  tube,  even  of  the  most  elastic 
rubber,  can  only  be  lengthened  a  very  little  by  distension. 
After  many  devices  it  occurred  to  me  that  the  mechanical 
effect  would  be  just  the  same  if,  instead  of  the  tubes 
lengthening,  the  r^t  of  the  cord  became  shorter.  Applying 
this  principle,  and  imitating  the  various  conditions  of  relative 
mobility  of  parts  in  the  umbilical  cord,  I  at  last  constructed  the 
model  of  which  photographs  are  here  given.    (Figs.  1  and  2») 

The  model  consists  of  (1)  two  india-rubber  tubes,  representing 
the  umbilical  arteries,  united  by  (2)  several  cross-bars  of  wood 
representing  the  support  and  restraint  offered  by  the  tissues  of 
the  cord,  and  (3)  an  india-rubber  cord,  one-third  shorter  than 
the  tubes,  threaded  through  the  cross-bars,  and  representing 
the  tendency  of  the  general  tissues  of  the  cord  to  grow  less  in 
a  loiigitudinal  direction  than  the  arteries.  The  cross-bars  are 
joined  to  the  tubes  by  means  of  a  thin  wire  which  projects  from 
each  end  of  eaph  bar,  passes  transversely  through  the  tube^  and 
is  bent  into  a  loop.  This  arrangement  allows  the  rubber  and 
cross-bar  to  move  freely,  one  on  the  other,  in  any  position  of  the 
apparatus.  The  india-rubber  cord  is  threaded  through  the 
centre  of  each  cross-bar  by  a  hole,  which  must  be  small  enough 
to  grip  the  cord  tightly  and  prevent  slipping.    The  cord  is 
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letuned  by  a  knot  at  each  end  of  the  model.  To  the  middle 
of  each'terminal  cross-bEir  ia  tied  a  piece  of  Btiiiig,  by  pullini^  on 
which  the  apparatus  can  be  stretched.  When  demonstratiDg 
the  action  of  the  model,  it  ia  important  to  hold  it  only  by  these 


Kg.  1.  Fig.  2.  Fig.  3. 

Btrings.    If  any  other  part  be  held  in  the  hand  it  will  be 
prevented  &om  making  its  natnral  movement^ 

It  will  be  seen  that  the  model  represents  an  umbilical  cord 
whose  arteries  have  grown  in  excess  of  its  other  tissues.     Such 

'  T}ie  dimennoiu  of  my  model  ixe  :— Lengthjof  tabes,  S8  iiu.  ;  thickneaa,  f  in. ; 
length  of  elMtia  cord,  21  ins.,  slightly  Bhortatied  by  the  knot  kt  each  end  ; 
thickneBi,  A  ">•  >  length  of  cron-bui,  i\  iui. ;  croBB-ban  attached  to  the  tubea 
at  interrals  of  8  ins. 
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an  apparatus,  when  stretched  longitudinally,  has  the  appearance 
shown  in  fig.  1 ;  but  as  soon  as  it  is  released  firom  the  stretching 
force,  it  fitUs  into  the  twisted  position  shown  in  fig.  2,  which  is, 
in  fact,  its  position  of  equilibrium.  The  energy  with  which  the 
twisting  occurs  is  such  as  to  suggest  that  the  umbilical  cord,  if 
it  twist  from  a  similar  cause,  may  readily  turn  the  foetus  round 
with  itself  so  long  as  the  foetus  is  small  enough,  and  the 
amniotic  cavity  roomy  enough,  to  allow  unimpeded  movement. 

Various  modifications  of  this  model  are  possible,  of  which  a 
simple  one  is  that  represented  in  fig.  3.  It  is  made  thus : — ^An 
india-rubber  tube  and  a  cord  of  the  same  material,  both  of  the 
same  length  (say  3  ft.),  are  enclosed  in  hems  along  the 
margins  of  a  strip  of  muslin,  so  that  the  clear  space  between 
them  is  2  in&  wide.  The  rubber  cord  is  then  taken  by  its  ends 
and  stretched  to  one  and  a  half  times  its  original  length,  whereby 
it  will,  of  course,  be  partially  drawn  out  of  its  hem  at  each  end. 
It  is  then  released,  and  its  contraction  brings  the  apparatus  to 
the  form  shown  in  fig.  3.  This  model  demonstrates  the  principle 
fidrly  well^  but  its  behaviour  is  less  striking  than  that  of  the 
former  one. 

It  is  not  easy  to  imagine  what  advantage  can  accrue  to  the 
foetus  or  to  the  mother  as  a  result  of  the  twisting.  It  is  usually 
supposed  to  prevent  obstruction  of  the  circulation  in  case  of 
the  cord  becoming  pressed.  But  the  effect  would  rather  be  to 
increase  obstruction,  for,  in  the  case  of  a  fiat  cord  (as  in  most 
mammalia),  pressure  can  only  tend  to  cause  the  arteries  to  take 
np  a  position  parallel  to  the  vein ;  the  firmer  arteries  will  then 
ward  off  pressure  from  the  more  flaccid  vein.  On  the  other 
hand,  when  the  arteries  are  spiral,  pressure  will  cause  the  vein 
to  be  nipped  by  the  arteries  as  with  a  tourniquet,  because  the 
arteries  lie  across  the  course  of  the  vein. 

Again,  it  may  be  suggested  that  the  spiral  arteries  tend  to 
prevent  the  vein  from  kinking  when  the  cord  gets  sharply  bent 
Here,  too,  the  argument  is  not  entirely  valid ;  for  in  a  fiat  cord 
the  vein  would  hardly  kink  until  the  pressure  were  sufficient  to 
kink  the  cord  as  a  whole,  a/rteriea  included.  Now,  spiral  arteries 
are  more  in  danger  of  kinking  than  straight  ones,  since  pressure 
applied  to  any  part  of  the  cord  might  kink  one  of  the  curvea 
There  is,  however,  one  advantage,  though  it  be  but  a  compara- 
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tive  one,  namely,  that  in  a  flat  cord  the  kinking  pressure  would 
be  exerted  on  a  single  (accidental)  bend  in  the  arteries,  whereas 
in  a  twisted  oord  the  pressure  would  tend  to  be  distributed  over 
several  coils  of  the  arteriea 

ADDSNDniL-*4Sliiioe  the  foregoing  was  written,  Sir  WiUiam  Tuner  has  drawn 
my  attention  to  a  paper  by  the  late  Dr  John  Simpson  in  the  SdirUmrgh  Medical 
Journal,  vol.  y.  (1869-60),  page  22,  in  which  the  writer  pnts  forward  a  theory  \ 

similar  to  my  own.    He  attributes,  howerer,  the  whole  phenomenon  to  the 
impulse  given  to  the  yessels  by  the  beats  of  the  heart    This  is  the  explana- 
tion which  first  occurred  to  me  some  years  ago,  but  afterwards  I  thought  it  | 
insufficient,  and  considered  that  the  twisting  was  due  primarily  to  the  over- 
growth of  the  arteries,  and  that  the  pulse  acted  as  an  accessory. 

Dr  Simpson  ingeniously  explains  the  prevalence  of  the  left  to  right  (or 
reversed  corkscrew)  spiral,  by  the  observation  that  (1)  the  right  hypogastric 
artery  is  the  larger  of  the  two,  and  is  at  its  origin  more  directly  in  the  line  of 
the  aortic  trunk;  (2)  the  arteries  usually  pass  through  the  umbilicus  on  th» 
anterior  side  of  the  vein,  and  thus  the  stronger  pnlution  in  the  right  artery 
should  cause  it  to  curve  more  than  the  left,  and  so  start  the  reversed  corkscrew 
twist.  This  explanation  applies  equally  well  whether  the  agent  be  arterial  dis- 
tension or  oveigrowth.  Dr  Simpson  quotes  instances  of  alternating  spiral,  also 
of  absence  of  twist  In  the  latter  condition  the  arteries  had  nevertheless  grown 
too  long,  and  were  "  usually  seen  to  fold  back  on  themselves,  as  if  to  dispose  of 
tiieir  greater  length  than  [that  of]  the  vein." 


ABNORMAL  ARRANGEMENT  OP  ARTERIES  IN  THE 
REGION  OP  THE  KIDNEY  AND  SUPRA-RENAL 
BODY.  By  Alfred  W.  Hughes,  M.B.,  P.R.C.S.  (Eng. 
and  Edin.),  Lectwrer  on  Artatomy,  School  of  Medicme, 
Sv/rgeona'  Squa/re,  Edinbv/rgh. 

The  relations  which  are  normally  and  abnormally  found  to 
exist  in  the  vascular  arrangements  of  the  kidneys,  supra-renal 
bodies,  and  testes  are  necessarily  of  great  interest,  as  these 
organs  originally  appear  in  close  proximity  to  one  another  in 
the  immediate  neighbourhood  of  the  primitive  aortse. 

In  the  normal  condition  the  supra-renal  bodies  receive 
branches  from  the  renal  arteries,  and  it  is  not  unusual  to  find 
one  of  the  spermatic  arteries  arising  firom  the  same  source ;  and 
agam,  on  the  left  side  the  renal  vein  normally  receives  the 
sapra-renal  and  spermatic  or  ovarian  veins. 

I  have  recently  examined  a  male  subject  presenting  a  very 
remarkable  arterial  arrangement  in  the  lumbar  and  iliac  regions. 

On  the  left  side  of  this  sullject  the  supra-renal  body  received 
several  branches  firom  the  phrenic  arteiy  and  aorta  as  usual, 
and  at  its  lower  extremity  received  branches  from  an  ahnormal 
artery  (4)  which  originated  in  the  upper  angle  formed  by  the 
aorta  and  left  renal  artery.  These  branches  apparently  repre- 
sented the  normal  inferior  capsular.  This  "abnormal  artery" 
was  rather  larger  than  an  ordinary  spermatic,  and  having 
supplied  branches  to  the  supra-renal  body,  insinuated  itself 
between  that  oi^gan  and  the  kidney.  Having  thus  reached  the 
anterior  surface  of  the  kidney,  it  divided  into  two  fine  branches, 
the  outer  of  which  passed  along  the  convex  outer  border  of  the 
kidney,  terminating  in  the  extra-peritoneal  fat,  a  little  distance 
below  the  iliac  crest 

The  irmer  branch,  which  was  leather  lai^r  than  the  outer 
passed  almost  vertically  downwepxis  on  the  suriace  of  the  kidney, 
and  having  reached  the  iliac  fossa,  was  joined  there  by  a  branch 
of  the  spermatic  artery,  thence  passing  into  the  inguinal  canal- 
along  with  the  normal  spermatic  artery.     (The  inguinal  p^nal, 
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having  been  already  dissected,  I  regret  I  was  unable  to  trace 
the  artery  to  its  destination.)  Further,  &om  the  left  spermatic 
artery,  about  one  inch  &om  its  origio,  a  branch  (S)  was  given  off 
which  almost  immediately  divided  into  two  fine  twigs  (ascending 
and  descending).  The  ascending  branch  passed  upwards  in 
front  of  the  renal  vessels,  and  joined  the  trunk  of  the  "  abnormal 
arteiy  "  close  to  the  supia-renal  body,  and  from  the  anastomotic 


loop  thus  formed  branches  were  supplied  to  the  capsule  of  the 
kidiQey,  ureter,  and  peri-renal  fatty  tissue.  The  descending 
branch  passed  into  the  iliac  fossa,  where  it  joined  the  internal 
branch  of  the  "  abnormal  arteiy,"  as  previously  mentioned. 

Assuming  that  the  branch  which  passed  into  the  inguinal 
canal  reached  the  testis,  we  have  here  exemplified  the  dose 
develc^mental  connection  of  the  three  organs — supra-renal  body, 
kidney,  imd  testis — by  an  originally  close  plexus  becoming  con- 
verted into  a  wide-meshed  one  by  the  subsequent  descent  of  the 
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On  the  right  side  the  arrangement  was  somewhat  different. 
Springing  from  the  renal  artery,  close  to  its  root,  was  a  large 
branch  (6)  which  entered  the  substance  of  the  kidney  on  its 
anterior  sur&ce  near  its  upper  extremity.  From  this  branch 
numerous  twigs  were  supplied  to  the  supra-renal  capsule, 
from  one  of  which  a  long  branch  was  given  off,  which 
passed  down  in  front  of  the  renal  vessels  to  reach  the  outer 
side  of  the  spermatic  artery  opposite  the  bifurcation  of  the 
aorta.  Whether  this  branch  reached  the  inguinal  canal  I  am 
unable  to  say,  from  the  advanced  stage  of  the  dissection  in  this 
region. 

Sir  William  Turner,  in  his  article  on  the  '*  Sub-peritoneal 
Arterial  Plexus,"^  has  referred  to  a  number  of  branches  given 
off  from  the  renal  and  spermatic  arteries  in  the  lumbar  and 
iliac  regions  which  join  that  plexus.  There  is  little  doubt^ 
from  the  similarity  in  their  distribution,  but  that  the  fine 
branches  which  I  have  described  as  entering  the  peri-renal  and 
other  parts  of  the  extra-peritoneal  &t  communicated  with  the 
sub-peritoneal  arterial  plexus;  but  the  inosculations  being 
small,  excluded  the  possibility  of  demonstration  in  the  absence 
of  special  injection. 

As  this  anomalous  distribution  was  so  marked,  and  differed 
from  any  case  I  have  been  able  to  find  on  record,  I  have 
ventured  to  consider  it  worthy  of  special  notice. 
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1.  Renal  arteries. 

2.  Spermatio  arteries. 

3.  Inferior  phrenic  artery  (left). 

4.  AbnoxmiJ  artery  (left  side). 

5.  Abnormal  branch  of  left  spermatio  artery. 

6.  Abnormal  artery  (right  side). 
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THE  NUTRITIVE  IMPORTANCE  OF  THE  YOLK  SAC. 
By  Arthur  Robinson,  M.D.,  Senior  Demonstrator  of 
Anatomy  at  the  Owens  College,  Manchester.     (Plaih 

vm.) 

Balfour's  statement  that  ''the  most  fdndamental  change 
which  has  taken  place  in  all  the  existing  placentalia  is  the 
exclusion  of  the  umbilical  vesicle  from  any  important  function 
in  the  nutrition  of  the  foetus/'^  has  not  been  substantiated  by 
Hubrecht's  observations  upon  the  development  of  the  insecti- 
voTtk?  which  have  shown,  on  the  contraiy,  that  in  the  hedgehog 
at  least,  the  yolk  sac  plays  an  important  part  as  a  nutritive 
organ  in  the  early  stages  of  development. 

The  importance  of  the  yolk  sac  as  a  nutritive  agent  is  not  a 
peculiarity  limited  to  the  insectivora,  for  the  organ  plays  a 
no  less  important  part  in  the  opossum^  and  other  marsupials/ 
and  the  observations  I  now  record  show  that  in  some  of  the 
rodents  it  is  the  only  Organ  of  nutrition  during  a  certain  period 
of  development,  and  that  it  remains  functionally  important 
during  the  greater  part,  if  not  the  whole,  of  foetal  lifa 

The  rodents  in  which  this  has  been  observed  are  the  mouse 
{Mu8  muscvZua)  and  the  rat  (Mus  decvmamis). 

The  early  stages  of  the  development  of  these  animals  have 
already  been  fully  described,^  and  it  is  sufficient  now  to  state 
that  at  the  commencement  of  the  seventh  day  of  development, 
the  ovum  of  the  mouse  consists  of  a  large  yolk  sac  (YS,  fig.  1), 
upon  the  upper  pole  of  which  rests  a  comparatively  small  mass 
ofprimitiveepiblast. 

^  A  Treatise  on  ComparaHve  Bmhryology,  yoL  ii  p.  216,  London,  188L 

*  **  The  Placentation  of  ErinaoeoB  Eoropoeus,  with  Remarks  on  the  Phylogeny 
of  the  Placenta,"  Qtiart,  Journ,  qf  Mier,  Sc,  new  Beries,  toL  zzx.,  part  iii, 
pp.  283-404,  Dec.  1889. 

*  £.  Selenka,  Stttdien  Hber  EntyHckdungsgeschiMe  der  Thiere,  Dcu  Opossufn^ 
Wieahadm,  1886. 

^  R.  Owen,  Comparative  Anatomy  and  Physiology  qf  Vertebrates,  voL  iu.  pp. 
718-728,  London,  1868. 

'^  A.  Robinson,  The  Devdopmefni  of  Two  Rodents.  A  Thesis  for  the  Degree  of 
M.D.,  presented  to  the  University  of  Edinburgh  in  April  1890,  for  which  the 
Hedical  Faculty  awarded  a  Gold  Medal. 
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The  cavitry  of  the  yolk  sac  lies  within  the  primitive  hypoblast, 
and  it  is  lOBversed  by  protoplasmic  strands,  which  unite  different 
portions  of  its  wall  together,  and  which  indicate  its  develop- 
ment by  the  vacuolation  of  a  syncytium. 

The  primitive  epiblast  is  separable  into  two  parts,  a  super- 
ficial and  a  deep ;  the  latter  is  a  rounded  mass,  which  rests 
upon  and  partially  invaginates  the  upper  pole  of  the  yolk  sac ; 
from  it  the  epiblastic  portion  of  the  embryo  and  the  amnion 
are  formed,  and  it  is  therefore  the  epiblast  proper,  or  the  forma- 
tive epiblast  (E,  fig.  1).  The  former  is  a  thin  layer  which 
covers  the  formative  epiblast,  and,  extending  beyond  the  latter, 
rests  by  its  margin  upon  the  wall  of  the  yolk  sac ;  it  eventually 
becomes  the  epiblastic  portion  of  the  fcetal  placenta,  and  is 
therefore  the  « trophoblaat"  (T). 

The  ovum  thus  constituted  lies  free  within  a  ctypt  which  has 
been  formed,  on  the  antimesometrial  or  distal  side  of  the  uterine 
cavity,  by  the  proliferation  of  the  subepithelial  tissues,  within 
a  definitely  lindted  area,  and  the  consequent  upheaval  of  a  cir- 
cular fold  of  decidual  tissue. 

The  cavity  of  the  crypt  is  narrow,  and  its  walls,  which  are 
thick  and  vascular,  gradually  rise  until  they  fuse  with  the  meso- 
metrial  or  proximal  wall  of  the  uterus,  in  which  proliferation  of 
the  subepithelial  tissues  has  also  occurred. 

The  circular  fold  of  decidua  commences  on  the  distal  walls  of 
the  uterus  at  the  sixth  day,  and  it  fiises  with  the  proximal 
portion  of  the  decidua  at  the  eighth*  day,  when  the  crypt  is  con* 
verted  into  an  enclosed  space  of  oval  form. 

At  first  the  crypt  is  lined  by  a  distinct  cubical  epithelium, 
but  at  the  seventh  day  this  has  disappeared  in  the  situation 
occupied  by  the  ovum,  which  consequently  lies  in  direct  contact 
with  the  subepithelial  mucosa. 

The  ovum  is  placed  in  the  crypt  so  that  its  epiblastic  pole  is 
mesometrial  or  proximal,  and  its  hypoblastic  pole  anti-meso- 
metrial  or  distal.  The  interpolar  area,  which  at  fii*8t  is  con- 
stituted entirely  by  hypoblast,  is  in  direct  contact  with  the  Wall 
of  the  crypto  to  which  it  becomes  closely  united,  and  thus  when 
the  crypt  becomes  converted  into  a  closed  space,  it  is  divided  by 
the  enclosed  ovum  into  two  parts,  a  proximal  and  a  distal.  The 
former  is  the  larger,  and  it  is  bounded  distally  by  the  epiblastic 
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pole  of  the  ovum.  The  latter  is  the  smaller,  and  it  is  bounded 
proximally  by  the  hypoblast  of  the  ovum.  Both  the  proximal 
and  distal  portions  of  the  space  eventually  become  converted 
into  blood  sinuses,  which  are  filled  with  maternal  blood 

During  the  seventh  day  the  formative  epiblast  increases  and 
assumes  a  more  distinctly  oval  form.  Its  distal  extremity  pro- 
jects against  the  proximal  end  of  the  yolk  sack,  which  it  par- 
tially invaginates,  and  thus  the  hypoblast  can  be  divided  into 
two  parts,  the  internal  or  invaginated  (IHT),  and  the  external  or 
non-invaginated  (EHY,  fig.  2,  Plate  YIII).  The  former  is  a  com- 
paratively thick  layer,  which  lies  in  contact  at  first  with  only  a 
portion  of  the  periphery  of  the  formative  epiblast.  The  latter 
is  a  thin  layer,  which  is  slightly  overlapped  proximally  by  the 
margin  of  the  trophoblast,  but  in  the  greater  part  of  its  extent 
lies  in  direct  contact  with  the  subepithelial  uterine  mucosa. 

The  condition  represented  in  fig.  2  is  very  transitory,  for  the 
trophoblast  rapidly  proliferates,  growing  both  towards  the  yolk 
sac  and  towards  the  mesometrial  wall  of  the  uterua  As  it 
grows  towards  the  yolk  sac  it  pushes  the  formative  epiblast 
before  it,  and  completes  the  invagination  of  the  yolk  sac  (fig.  3, 

pute  vni). 

Towards  the  end  of  the  seventh  day  (fig.  3),  as  a  result 
of  the  changes  above  recorded,  the  formative  epiblast  is  an  oval 
mass  which  is  surrounded  by  the  invaginated  hypoblast,  except 
proximally  where  it  lies  in  contact  with  the  trophoblast.  l^e 
trophoblast  is  separable  into  two  parta  One  of  these,  the  distal 
part  (DT),  is  enclosed  by  the  invaginated  hypoblast ;  the  other, 
the  proximal  part  (PT),  is  in  direct  contact  with  the  sub- 
epithelial mucosa,  to  which  it  is  closely  united,  whilst  its  fiange- 
like  margin  overlaps  the  folded  margin  of  the  yolk  saa  The 
invaginated  hypoblast  is  also  divisible  into  two  portions:  one 
lies  in  contact  with  the  formative  epiblast,  and  takes  part  in 
the  formation  of  the  embryo;  it  is,  therefore,  the  embryonic 
hypoblast  (EMY) :  the  other  surrounds  the  distal  trophoblast, 
and  constitutes  a  part  of  the  extra-embryonic  hypoblast,  which 
is  completed  by  the  uninvaginated  hypoblast. 

It  is  noteworthy  also  that  at  this  period,  the  end  of  the 
seventh  day,  numerous  slit-like  blood  spaces  appear  in  the 
uterine  mucosa,  and  that  many  of  these  spaces  are  separated 
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from  the  proximal  tn^hoblast  and  the  external  hypoblast  only 
by  a  very  thin  wall  of  maternal  tissue. 

In  the  early  part  of  the  eighth  day  a  cavity,  the  future 
amniotic  cavity  (AMC),  is  present  in  the  formative  epiblast 
During  the  eighth  day  all  parts  of  the  ovum  grow  rapidly,  and  at 
its  close  the  cavity  of  the  formative  epiblast  has  been  extended 
into  the  distal  trophoblast  in  the  case  of  the  mouse,  whilst  in 
the  case  of  the  rat  a  cavity  (TC)  which  develops  separately  in 
the  distal  trophoblast  has  united  with  the  epiblastic  cavity. 

The  proximal  portion  of  the  trophoblast  is  much  larger,  and 
in  its  interior,  numerous  spaces  are  present  These  spaces  arei 
evidently  in  communication  with  the  blood  spaces  in  the 
decidua,  for  they  are  filled  with  maternal  blood  The  slit-like 
decidual  spaces  in  the  immediate  vioinity  of  the  ovum  fuse, 
together  into  a  large  sinus,  and  simultaneously  with  their  fusion 
their  inner  walls  disappear.  By  these  processes  a  blood  sinus 
is  formed,  bounded  external^  by  maternal  decidua,  and  inter- 
nally by  the  external  hypoblast  and  the  trophoblast.  The 
proximal  and  distal  portions  of  the  ovular  chamber  also  become 
converted  into  blood  spaces,  and  thus  at  the  end  of  the  eighth 
day  the  outer  surfiwe  of  the  proximal  trophoblast  and  the  outer 
surface  of  the  external  hypoblast  are  bathed  by  maternal  blood, 
which  has  also  penetrated  into  spaces  which  have  developed 
within  the  trophoblast. 

Between  the  cavity  of  the  yolk  sac  and  the  maternal  blood, 
at  the  end  of  the  eighth  day,  there  is  only  a  thin  membrane 
formed  by  a  single  layer  of  flattened  hypoblastic  ceUs  (EHY, 
fig.  4).  Through  this  osmosis  may  readily  take  place,  and  thus 
pabulum  would  be  transmitted  to  the  embryonic  area  which,  on 
account  of  its  position,  is  separated  firom  any  other  source  of 
nutrition. 

Under  these  circumstances  the  outer  surfieioe  of  the  yolk  sac 
may  be  looked  upon  as  a  nutritive  area,  and  its  importance  in 
this  respect  is  emphasised  by  subsequent  events. 

At  the  commencement  of  the  ninth  day  a  mass  of  mesoblast 
Iffojects  backwards  from  the  posterior  end  of  the  embryonic 
area.)  and  then  rapidly  extends  round  the  sides  of  the  cylindrical 
ovum  between  the  epiblast  and  hypoblast  to  the  anterior  end 
of  the  .area.    In  the  posterior  part  of  this  extra-embryonic 
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ipeBoblMt  twQ  slit^like  eoeibmic  spaoea  appMr*  %  the  growth 
of  the  mesoblast,  and  by  the  fusion  and  •xteosion  of  ooel<Mni<i 
spaces,  the  tro{Aoblast  is  separated  from  the  epiblast,  and  the 
amnion  is  formed  (figs.  5  and  6). 

As  the  extia«^mbiy0nic  eoelom  extendsi  the  <Sstal  poition  ot 
the  trc^oblast  gradually  recedes  from  the  epiblast;  in  other 
words,  it  is  paired  out  of  the  invagination  cavity  l^  the  exten* 
sioii  of  the  ooelom,  and  the  hypoblaat,  with  which  it  lay  in 
contact,  is  gradually  corered  by  a  layer  of  splanchnic  mesoblastL 
At  the  same  time  the  cavity  of  the  trophoblast  is  obliterated, 
and  its  distal  and  prexima)  wails  are  fused  (fig.  6). 

Towiards  the  end  of  the  ninth  day  the  allantois  gcom  out 
from  the  posterior  end  of  the  embryonic  area  into  the  extra* 
embiyonic  eoelom  (fig.  7).  It  is  at  first  a  solid  mass  of  meso* 
blast,  afterwards  numerous  vessek  are  developed  within  it,  but 
U  never  contains  a  d^njerticulwn  from  the  alimentary  canaL 
The  solid  mesoblastic  allantois  bangs  free  in  the  extrarembryooie 
ooelom  until  the  eleventh  day,  when  it  toBGB  with  the  somatic 
mesoblast  which  covers  the  distal  portion  of  the  trophoblaat 
(fig.  8). 

After  this  fusion  has  occurred  vascnhr  mesobhotic  villi  are 
projected  into  the  trophoblast,  which  is  thus  divided  into  a 
series  of  irregular  columns  (fig.  fi).  In  the  interior  of  these 
columns  are  numerous  anastomosing  spaces  containing  maternal 
blood.  As  the  ramifications  of  the  £»tal  mesoblastic  villi  become 
more  numerous  and  extensive  the  trophoblastic  septa  which 
separate  them  from  the  maternal  blood  are  gradually  redooed  in 
thickness,  and  at  the  fourteenth  day  only  a  thin  layer  of  tropho* 
blast  and  the  endothelial  walls  of  the  loetal  vessels  i&tervene 
between  fcetal  and  maternal  bloods. 

When  the  allantoic  villi  have  penetrated  the  trophoUast,  and 
thus  the  fcetal  vessels  have  been  brought  into  dose  relation  with 
maternal  blood,  there  are  two  sources  from  which  the  embryo 
may  obtain  pabulum*~through  the  allantoic  plaoeata  and  through 
the  yolk  aac  walla  At  this  period  the  oephaUc  and  caudal 
curvatures  have  appeared^  and  th^  embryonic  hj'pobiast  is 
enclosed  within  the  embryo  (fig.  9);  but  as  there  is  a  oomr 
knunication  between  the  gut  and  the  remainder  of  the  cavity  of 
the  vitelline  sac  it  is  still  possiUe  that  the  eknbryouic  hypoblasft 
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may  absorb  iraiTiment  which  haa  diffused  from  the  iriEattimal 
blood  through  the  thin  outer  wall  of  the  yolk  sac  into  its  cavity; 
There  is,  hovever,  another  way  in  irhich  pabulum  may  be  witib* 
diawn  from  the  yolk  sac  and  conveyed  to  the  embryo.  During 
^he  formation  of  the  doelom  the  greater  portion  of  the  invaginated 
wall  of  the  vitelline  sac  becomes  oovered  by  a  layer  of  splanohho*- 
pleura  mesoblaat  (SJPJ1>  figs.  6, 6, 7, 8).  In  thia  mesoblaat,  in 
the  eztra^embiyonic  area,  numerous  bk>od-ve8sela  are  rapidly 
formed,  and  as  soon  as  the  vitelline  circulation  ia  established^ 
nutriment  absorbed  from  the  cavity  of  the  yolk  sac  by  the 
hypoUastic  cells  of  its  invaginated  waU  may  be  taken  up  by  the 
vitelline  vessels;  which  lie  in  contact  with  the  hypoblast  cell), 
and  carried  to  the  foetua  In  connection  with  this  poinl^  it  id 
interesting  to  note  that  over  a  large  portipn  of  iihe  extrt^ 
embryonic  area  the  wall  of  the  yolk  sac  becomes  villous  (fig.  9)^ 
and  the  hypoblast  cells  covering  the  villi,  assuming  a  columnar 
charaoterj  closely  resemble  the  epithelial  oovering  of  the  adult 
intestinal  villi 

As  the  allantoic  placenta  is  completed,  and  as  its  odroulation 
k  eatablished,  the  folds  of  the  deddua  reflexa  are  gradually 
separated  from  the  distal  wall  of  the  uterua  The  separation 
is  completed  about  the  sixteenth  day,  when  the  continuity  of 
the  uterine  caual  is  re-established,  and  the  embiyo^  suspended 
by  its  placisnta  alid  enchased  within  the  folds  of  the  decidua 
reflexa,  is  henceforth  attached  only  to  the  proximal  (meso* 
metnal)  side  of  the  uterine  eanaL 

Whilst  the  folds  of  the  decidua  reflexa  are  being  separated 
from  tdie  distal  wall  of  the  uterus  they  also  become  thinner, 
and  the  eireulation  within  tiiem  is  first  reduced,  and  then  ceases 
as  the  bloodH>hannelfl  are  obliterated,  the  reflexa  and  the  outer 
wall  of  the  sac  being  at  the  same  time  traasformed  to  a  thin 
membi^aiie  which  intervenes  between  tibe  uterine  cavity  smd  the 
cavity  of  the  vitelline  sac  <EHT«  fig.  10). 

There  can  be  no  doubt  that  a3  the  circulation  in  the  decidua 
reflexa  ceases  the  importance  of  the  outer  wall  of  the  yolk  sac 
as  a  nutritive  area  also  diminishes,  but  the  cavity  of  the  sac 
remains,  and  the  villi  on  its  inner  wall  become  larger  and  more 
numeious,  &cts  which  may  be  taken  as  indicative  of  their 
continued  function. 


SI4  .  DR  ARtBUB  ROBINSOIT. 

.  During  the  period  of  reduction  of  the  decidua  refleza  there 
x>ccurs  one  of  the  most  suggestive  events  in  the  development  of 
the  vitelline  sac,  in  so  fiur  as  its  nutritive  importance  is  con- 
cerned, 

.  At  the  eleventh  day,  immediately  after  the  allantois  has  fused 
with  the  somatic  mesoblast  on  the  distal  sur&ce  of  the  tropho- 
blast,  the  margin  of  the  yolk  sac,  ENS,  which  has  been  termed 
by  Duval  ^  the  entodermal  sinus,  lies  immediately  internal  to 
•the  margin  of  the  trophoblast  (fig«  8), 

At  the  fourteenth  day,  as  the  result  of  the  rapid  growth  of 
•the  peripheral  portion  of  the  trophoblast,  and  the  external 
'hypoblast  in  relation  to  it,  the  entodermal  sinus  is  situated 
beneath  the  central  part  of  the  trophoblast,  ENS,  fig.  9,  into 
which  it  projects.  The  entodermal  sinus  is  circular,  and  it  forms 
(the  boundary  of  a  depression  on  the  under  sur&ce  of  the  tropho- 
blast, which  is  filled  by  the  foetal  mesoblast.  This  depression  is 
the  hilum  of  the  placenta.  Its  diameter,  ]:'024  mm.,  is  one- 
third  of  the  diameter  of  the  foetal  placenta. 

It  is  at  this  period  also,  whilst  the  circulation  in  the  decidua 
refleza  still  continues,  that  the  internal  hypoblast  becomes 
villous  over  about  half  its  extent;  Each  villus  consists  of  a 
core  of  splanchnic  mesoblast,  surrounded  by  a  layer  of  cubical 
-or  columnar  hypoblast  cells. 

In  sections  of  the  foetal  placenta  at  the  sixteenth  day  (Plate 
Yin.  fig.  10),  numerous  spaces,  lined  with  cubical  epithelium,  are 
seen  in  the  hilum,  along  the  line  of  fusion  of  the  mesoblast  and 
trophoblast.  When  they  are  traced  through  a  series  of  sections 
'they  are  found  to  be  continuous  with  the  entodermal  sinua 
Duval  ^  has  suggested  that  the  sinus  is  festooned,  and  that  the 
spaces  are  merely  portions  of  the  irregular  sinus,  cut  in  sections, 
•which  have  not  passed  directly  through  the  middle  of  the  hilum 
of  the  placenta.  In  support  of  this  explanation,  he  points  out 
that  the  epithelium  of  the  entodermal  sinus  is  cubical  on  the 
side  next  the  mesoblast,  but  somewhat  flattened  on  the  outer 
wall  of  the  sinus  against  the  trophoblast,  and  that  one  wall  of 

^  "Le  Placenta  des  Bongems,  troifl^me  part,  Le  Placenta  de  la  Souris  et  da 
Bat,"  Jtmrnal  de  VAnaUmU  et  de  la  Phynolo^,  p.  887,  ann^  1891,  No.  4, 
Juillet-Aoat.  .     ■ 

"  Ibid.,  p.  888. 
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each  space  is  lined  by  cubical  epathelium/ and  the  other  by  a 
layer  of  flattened  cells.  If  the  spaces  were  only  found  in 
sections  which  passed  through  the  margin  of  the  hilum,  Duval's 
explanation  might  be  accepted  as  satisfactory ;  but  as  they  are 
present  in  all  sections  which  pass  through  the  hilum,  and  as 
they  anastomose  with  each  other  in  the  hilum,  they  are  some- 
thing more  than  mere  sections  of  the  festooned  margin  of  the 
entbdennal  sinus.  In  reality,  they  are  portions  of  diverticula 
from  the  sinus  which  have  penetrated  the  hilum  and  anasto* 
mosed  with  each  other  in  its  interior. 

The  significance  of  this  peculiarity  is  emphasised  by  the  fact 
that  the  divertioula  penetrate  the  hilum  simultaneously  with 
the  cessation  of  the  circulation  in  the  decidua  refleza, — that  isj; 
simulUmeously  with  the  cessation  of  the  endbsmosis  from  the* 
maternal  Uood  into  the  yolk  sac ;  for  at  the  sixteenth  day  the 
decidua  reflexa  and  the  external  hypoblast  are  reduced  to  a  thin 
bloodless  membrane,  EHY,  fig.  10,  which  intervenes  between 
the  cavity  of  the  yolk  sac  and  the  cavity  of  the  uterine 
Qanal. 

Bet^nreen  the  fourteenth  and  sixteenth  days  the  transversa 
diameter  of  the  foetal  placenta  increases  from  8*07  mm.  to  4*80 
mm.,  and  the  hilum  at  both  periods  is  one-third  of  the  diameter, 
of  the  foetal  placenta. 

After  the  sixteenth  day  the  outer  wall  of  the  yolk  sac,  beyond 
the  margin  of  the  trophoblast,  undeigoes  further  atrophy,  and 
finally  it  entirely  disappears.  . 

When  the  diameter  of  the  foetal  placenta  has  increased  to 
7 '52  mm.  (fig.  11),  the  only  portion  of  the  external  wall  of  the. 
yolk  sac  remaining  is  the  external  hypoblast  which  covers  thei 
stirfisu^  of  the  trophoblast  between  the  hilum  and  the  margin  of 
the  fotal  placenta. 

When  the  outer  wall  of  the  yolk  sac,  beyond  the  margin  of 
the  trophoblast,  has  disappeared,  the  remains  of  the  yolk  saq 
cavity,  which  extends  firom  the  entodermal  sinus  tg  the  margia 
of  the  trophoblast  (fig.  11),  communicates  freely  with  thQ 
uterine  cavity,  and  the  greater  part  of  the  internal  hypoblast, 
(from  htob,  fig.  9)  is  exposed  in  the  uterine  canal  and  is  bathed 
by  the  uterine  fluida  ..*'., 

Siniultaneously  with  the  disappearance  of  the  outer  wall  of 


tbe  yolk  mc,  the  villi,  <m  the  internal  tvall  incf^use  in  sise  and 
oomplexity  (fig;  11),  and  the  spaces  in  the  hilum  of  the  placdnCa 
become  lai^r  and  more  tortuous,  but  the  epithelium  remains 
unchanged. 

i  The  rapidly  changing  rdations  whidi  occur  during  thei 
development  of  the  ovum  must  have  an  important  bearing  upoa^ 
the  nutrition  of  the  embrya  In  the  early  stages,  up  to  the  end 
of  the  sixth  day,  whilst  the  ovum  lies  free  in  the  uterine 
eanal  in  an  epithelial  lined  crypt  which  is  in  free  communica- 
tion with  the  uterine  cavity,  its  pabulum  miiat  be  derived 
flrom  the  uterine  fluids  by  which  it  is  surrounded,  for  there  is  no 
other  source  wh^ioe  it  can  obtain  austenanoe  for  its  continoecl 
growth* 

<  As  the  ciypt  closes  and  ite  epithelium  degenerates,  it  is  pos- 
sible that  the  ovum  lives  upon  the  degeuera^ing  uterine  cells  ;^ 
but  no  traces  of  the  degenerating  oells  have  been  found,  as 
yet)  within  the  celts  of  the  ovum ;  therefore,  though  the  con- 
tinued growth  of  the  ovum  and  the  degenecation  of  the  uterine 
epithelium  are  coincident  events,  there  is  no  definite  proof- that 
th«  ^rtmt  event  is  in  any  way  dependent  upori  the  latter. 
^  After  the  uterine  crypt  is  converted  into  an  enclosed  spaee 
and  its  epithelium  has  disappeared,  and  before  the  maternal 
blood  lies  in  direct  relation  with  the  ovular  tissues,  two  soureee 
Of  nutrition  are  available  to  the  growing  ovum, — ^it  must  Eve 
either,  upon  the  cells  of  the  decidua,  or  upon  fluids  which  have 
exuded  from  the  maternal  vessels.  There  is  no  eridence  that  it 
Kves  on  the  decidual  cells,  and  pi^bably  therefore  its  nutriment 
is  derived  from  the  maternal  fluids,  which  are  s^^arated  from 
the  ovum  by  a  very  thin  layer  of  decidual  tissua 

Ev^en  at  such  an  early  period  as  the  latter  part  of  the  seventh 
day  the  embryonic  area,  represented  by  the  epiblast  and  the 
itftdrhal  hypoblast  (a  io  a,  fig.  3)  which  covers  it,  is  one  of  the 
poi*tions.of  the  ovum  frirthest  removed  from  any  direct  source 
<^f  nutrition*  iVoximally  it  is  separated  from  the  decidual 
tissues  by  the  trophoblast,  and  laterally  and  distally  by  the  yolk 
sac,  ther^ore  any  nutriment  which  reaches  it  must  pass  eith^ 

r 

^  M.  Daval,  "Ld  Placenta  dea  RoDgeara,  trouiime  ptft,  Le  Placenta  de  la 
Sonris  et  da  Bat,*'  Journal  de  VAnatamie  etJe  UkPhysiologie,  ann^  1801,  Ko.  1, 
Janvier-lP'^er,  p.  85.        -  .....      .^ 
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through  the  tiophoblast  or  thro\igh  the  yolk  aac.  It  is  improb* 
able  that  it  passes  through  the  trophoblast,  for  that/portion  of 
the  ovum  is  a  solid  toBaa  of  efdbliuiluc  tissue.  The  outer  -wM 
of  the  yolk  sac,  however^  is  a  thin  epithelial  membrane,  through 
which  maternal  fluids  may  readily  pass  by  endosmoais  into  the 
cavity  of  the  yolk  sae,  where  they  come  into  direct  contact  with: 
the  hjrpoblaat  of  the  embryonic  area,  and  having  passed  through, 
it,  they  may  be  absorbed  by  the  germinal  epiblast.  Thus  at  aTif^ 
mvrly  period  the  yoUe  $ac  becomes  cu  nutritive  (»ge7U  Uvrowgh. 
lahich  pabulwm  is  (ranemiMed  to  the  embryonic  area. 

During  the  eighth  day  the  maternal  blood  is  brought  into 
direct  relation  with  the  ovum  by  the  disappearance  of  thet 
decidual  tissue  in  the  immediate  neighbourhood  of  the  extema\ 
hypoUastw  As  the  result  of  this  diaaj^peatanoe  the  trophoblastf 
and  external  hypoblast  become  the  internal  walls  of  sinus^like 
tjfMoes  which  intervene  between  the  ovum  and  the  decidua. 
These  spaces  are  filled  with  maternal  blood,  which  circulatea 
round  the  outer  wall  of  the  yolk  sa<v  over  the  superficial  sur* 
face  of  the  trophoblast  and  in  spaces  which  are  developed  by 
vBcuolation  within  the  trophoblaet. 

During  the  eighth,  ninth,  and  tenth  days,  whilst  the  epi^ 
blastie  cavity  is  developed  and  transformed  into  the  amniotic 
cavify,  the  trophoblasdc  cavity  appears  and  is  obliteratedi 
the  codom  is  formed*  and  the  allantois  grows  out  from  the 
|NOBterior  end  of  the  pximitiye  sbcefik^  the  only  source  whence  the 
embryonic  area  can  derive  its  nutriment  is  the  yolk  sac,  and  the 
nutriment  in  the  ydk  6a<$  must  hai^e  entered  it  by  ebdosmosis 
^through  its  outer  wall  The  bbod  which  circulates  in  thd 
tiophoblast  during  the  eighth,  tunth,  and  tenth  days  serves  only 
lor  the  nutrition  of  that  portion  of  the  ovum«  It  is  certainly 
possible  that  nutritive  fluidji  might  be  trajlsuded  fix>m  the  blood 
circulating  ih  the  proximal  portion  of  the  trophoblast  into  the 
cavity  in  the  distal  portion  of  the  trophoblast,  and  thence  they 
would  paM  to  the  embryonic  area,  but  the  area  through  which 
sRch  exudation  might  occur  ia  ao  extremely  small  (figa.  4^  5, 
and  6)  that  Uiis  source  of  nutrition  may  be  eliminated  firom 
conrideration*  more  especially  as  during  the  latter  part  of  the 
ninth  day  the  cavity  of  the  trophoblast  is  obliterated*  and  the 
Uood  in  the  tn^hoblaat  ia  separated  &om  tha.embcyooio  ana 
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by  a  thick  layer  of  trophoblast,  the  eoelomic  cavity,  and  the 
amnion  (fig.  7). 

It  might  be  suggested  that  the  allantoifi  abeorbB  nntriment 
from  the  ooelom  into  which  it  projects  on  the  ninth  day.  It  is 
to  be  noted,  however,  that  during  the  ninth  day  the  allantois  is 
a  solid  mass  of  cells,  absolutely  devoid  of  blood-vessels,  and  in 
addition,  that  any  nutriment  present  in  the  coelom  must  have 
entered  it  either  through  the  trophoblast  or  through  the  yolk 
sac.  As  before  stated,  it  is  improbable  that  it  passes  through 
the  trophoblast,  for  by  the  time  the  allantois  has  become  a  dis* 
tinct  organ,  the  distal  portion  of  the  trophoblast  has  been  forced 
away  from  the  epiblast  and  compressed  against  the  vascular 
proximal  trophoblast  by  the  extension  of  the  coelom  (fig.  7). 
Thus  a  thick  wall  of  dense  trophoblastic  tissue  intervenes  be- 
tween the  coelom  and  the  maternal  blood  in  the  spaces  of  the 
proximal  trophoblast  During  the  eighth,  ninth,  and  tenth 
days,  therefore,  the  yolk  boo  %%  the  only  organ  through  which 
rmtriment  ccm  be  conveyed  to  the  embryonic  area,  and  it  is 
especially  adapted  to  the  nutritive  function  which  it  performs. 
Its  outer  wall  is  reduced  to  an  extremely  thin  cellular  mem*' 
brane,  which  lies  in  direct  contact  with  the  maternal  blood,  and 
there  can  be  but  little  doubt  that  through  this  thin  membrane 
endosmosis  occurs ;  indeed,  the  continuance  of  the  distinct  space 
between  the  two  walls  of  the  yolk  sac  must  be  dependent  upcil 
fluid  pressure  which  is  maintained  by  osmosis  from  the  maternal 
blood. 

After  the  nutritive  fluid  has  entered  the  yolk  sac  it  is  at  onoe 
in  contact  with  the  hypoblast  of  the  germinal  area,  which  must 
not  only  seize  upon  some  portion  of  it  (the  fluid)  for  its  own 
maintenance,  but  it  must  also  transmit  another  portion  to  the 
embryonic  epiblast  which  it  encloses  (fig.  7). 

Whether  the  nutriment  which  is  passed  through  the  embryonic 
hypoblast  to  the  epiblast  is  transmitted  by  osmosis  or  secretion 
it  is  impossible  to  say,  but  it  is  to  be  noted  that  at  this  period 
the  embryonic  hypoblast  cells  are  flattened,  and  that  they  pre* 
sent  none  of  the  usual  appearances  of  secretive  ceils. 

Between  the  eleventh  and  fou];teenth  days  nutriment  may 
pass  to  the  embryo  either  through  the  yolk  sac  or  by  the 
allantois  from- the- placenta.    No  doiibta  lai^  amount  -  passes 
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from  the  mkt^nal  blood  in  the  trophoblastic  spaces  to  the 
foetal  blood  in  ihe  mesoblastic  villi  which  have  penetrated  the 
trophoblast  and  incdnnated  themselves  between  its  spacea  It  is 
not  probable,  however,  that  the  whole  of  the  foBtal  nutriment  is 
transmitted  to  the  embryo  at  this  period  by  the  allantois,  for 
there  is  still  a  free  circulation  of  maternal  blood  round  the 
external  wall  of  the  yolk  sac ;  and  although,  on  account  of  the 
folding  of  the  embryo  and  the  formation  of  the  vitello  intestinal 
duct,  the  nutritive  fluids  which  have  passed  by  osmosis  into  the 
yolk  sao  no  loi^r  come  into  such  direct  contact  with  the 
embryonic  area  (fig.  9),  provision  has  been  made  for  the  rapid 
absorption  of  the  nutriment  by  the  extension  of  the  area  of  the 
inner  wall  of  the  yolk  sac,  which  has  been  thrown  into  folds  and 
{mjected  into  villi,  and  its  conveyance  to  the  embryonic  area  is 
provided  for  by  the  vascularisation  of  this  wall  through  the  for* 
mation  in  eitu  of  the  tributaries  of  the  vitelline  vessels. 

After  the  fourteenth  day  the  ramifications  of  the  vascular 
mesoblastic  villi  in  the  trophoblast  are  rapidly  increased  and 
extended,  and  as  by  the  thinning  of  the  intervening  walls 
between  the  foetal  and  maternal  blood  the  relatiouship  between 
the  two  fluids  becomes  more  intimate,  it  might,  a  priori,  be 
supposed  th^t  the  nutritive  function  of  the  yolk  sac  would 
terminate,  and  that  the  foetal  nutrition  would  be  carried  on 
entirely  by  the  allantoia 

Undoubtedly  during  this  period  the  circulation  of  the  ma- 
temid  blood  round,  the  outer  wall  of  the  yolk  sao  rapidly 
diminishes  and  finally  ceases  as  the  decidua  reflexa  atrophies, 
consequently  the  function  of  the  outer  wall  of  the  yolk  sac  as 
an  osmoticmranbrane  terminates ;  but  as  the  area  of  the  external 
hypoblast  in  intimate  relationship  with  the  maternal  blood 
diminishes  in  one  region,  it  is  increased  in  another.  Simultane- 
ously with  the  cessation  of  the  circulation  in  the  decidua  reflexa, 
numerous  diverticula  grow  from  the  entodermal  sinus  into  the 
hilum  of  the  placenta,  where  they  lie  between  the  mesoblast 
and  the  trophoblast,  in  relation  on  one  side  with  the  maternal 
and  on  the  other  with  the  foetal  vessels. 


This  peculiar  feature  of  development  suggests  the  idea  that 
not  only  is  the  nutrition  of  the  embryo  dependent  for  a  time 
entirely  on  the  yolk  sac,,  but  that  the  yolk  sac  is  also .  an 
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important  nutritiye  tLgeaaX  m  tiid  later  peiioda  of  dfivelopmentT, 
during  which  its  hypoblaatic  walla  either  eeleot  nutritive  sub* 
stances  other  than  those  which  pass  by  direct  tranafosion  into 
the  fistal  yessels  in  the  plaoental  area^  or  they  modify  the 
materials  which  are  passed  through  them  in  such  a  manner  as  to 
especially  adapt  them  to  the  use  of  the  rapidly  growing  embryo. 
After  the  sixteenth  day  the  problem  becomes  complioated  by 
the  disappearance  of  the  whole  of  the  outer  wall  of  the  yolk 
sac,  except  that  portion  which  is  overlapped  by  the  trophoblast, 
between  the  points  a  and  a  (fig.  d).    Apparently,  however^  the 
function  of  the  inner  wall  of  the  sao  does  .-not  cease  with  this 
oociurrenoe>  for  the  folds  and  villi  oik  its  sur&oe  Increase  in  ma 
and  complexity  (fig.  11),  and  as  the  hypoblast  lined  spaces  in 
the  hilum  of  the  placenta  also  increase  both  in  extent  and 
tortuosity,  it  is  to  be  presumed  that  they  also  remain  limctionaly 
but  any  fluid  which  passes  through  tiram  into  the  entoderlnal 
sinus,  with  which  they  still  communicate,  is  no  longer  retained 
in  the  yolk  sac;  as  soon  as  it  passes  beyond  the  margin  of 
the  trophoblast,  point  a,  fig.  11,  it  is  discharged  into  the  uterine 
canal«    This  circumstance  saggests  the  possibility  that  the 
inner  wall  of  the  yolk  sao  and  the  spaces  in  the  hilum  of  the 
placenta  are  not  structures  which  transmit  ntttiiinent  into  the 
foetal  bloody  but  excretive  agents  which  eliminate  efifete  products 
from  the  foetal  circulation. 

'  Methods  of  hiatologicar  eiaminatibti  will  not  abne  suffice  to 
4eGide  finally  whether  this  is  theoase  or  not.  When  it  is  remem^ 
Jbered,  however,  that  in  the  early  stages  the  only  possible  way  in 
wliich  nutriment  from  the  maternal  blood  can  reach  the  embryonic 
area  is  through  the  yolk  sac,  and  that,  when  the  oircttlation  of 
ihe  maternal  blood  round  the  outer  wall  of  the  yolk  sac  ceases^ 
the  cavity  of  .the  sao  ii  extended  into  the  placental  area  so  that 
its  intimate  relationship  with  the  maternal  blood  is  to  a  certain 
extent  maintained,  I  think  it  must  be  admitted  that  the  pheQo^ 
mena  of  development  pcdiit  to  the  conclusion  that  the  nutritive 
function  of  the  yolk  sac  is  probably  maintained,  and  that,  after 
the  disappearance  of  thB  outer  wall  of  the  yolk  sac,  the  villous 
folcb  oil*  the  iilner  wall  absorb  nutriment  from  the  fluids  which 
are  passed  into  the  uterine  canal,  both  from  the  uterine  glands 
and  from  the  spaces  in  the  hilum  of  the  plac^ta. .  .       ^        .. 
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.'  So  &r  as  I  Am  aware,  the  in^iisdoii  of  the  placenta  by  diTerti- 
cula  from  the  yolk  sac  has  not  been  observed  in  any  mammals 
exoept  the  rat  and  the  mouse,  but  in  the  majority  of  mammals 
the  allantoic  diverticolum  from  the  hind-gut  extends  through 
the  mesoblastio  portion  of  the  allantoas  into  the  placental  area. 
This  diverticalum  is  generally  considered  to  be  '^  a  nrinary 
bladder  .which,  precocioasly  developed  and  enormously  extended 
in  the  embvyo,  has  acquired  respiratory  and  nutritive  fiinctions,'^^ 
not,  however,  by  means  of  its  hypoblastic  Kning,  but  by  the 
iplancfanic  mesoblast  whioh  covers  it  The  phenomena  observ* 
able  during  the  development  of  the  rat  and  the  mouse  point  to 
a  somewhat  different  conclusion,  viz.,  that  it  is  a  matter  of 
importance  to  the  embryo  that.the.fkBtal.  hypoblast  should  gain 
an  intimate  relationship  with  the  maternal  blood;  but,  apparently, 
as  the  hypoblast  may  enter  the  placenta  either  firom  the  wall  of 
the  yolk  sac  or  from  the  hind-gut,  the  region  whence  the  placental 
hypoblast.is  derived  10  a  niatter  of  indi£Gerenoe«.. 

It  must  be  noted,  that  although  in  the  rat  and  mouse,  after 
the  seventh  day,  the  foetal  hypoblast  maintains  a  close'  relation- 
ship with  the  materoal  blood  until  the  close  of  intra-uterine 
life,  such  ek)se  relationship- is  not  a  necessity  in  the  early 
periods,  for  in  the  rabl^it,  where  a  decidiia  reflex  is  not  formed, 
and  a  large  part  of  the  ovum  acquires  no  intimate  connection 
with  the  uterine  wall,  the  upper  wall  of  the  yolk-sac,  covered  by 
a  thin  epiblastic  layer,.  Ues  in  the  titerine  canal,  $3\A  is  bathed 
by  the  uterine  fluids,  from  which  nutriment  must  be  derived 
until,  during  the  tenth  day,  the  placental  circulation  is  estab- 
lished. It  is  not  until  after  the  thirteenth  day  that  the  necessity 
for  the  hypoblastic  diverticula  in  the  placenta  arises.  It  seems 
probable,  therefore,  that  the  function,  of  the  hypoblast  which  enters 
the  placenta  differs  in  some  way  from  that  which  forma  the  outer 
wall  of  the  yolk  sac,  but  its  histology  giveano  clue  to  the  nature 
of  this  difference. 

•  ■ 

ConcluaienB. 

(1)  In  the  Bodentia  (the  rat  and  the  mouse),  as  well  as  in 
the  Insectivora  and  Marsupials,  the  yolk  sac  is  an  important 
nutritive  orgaiu 

1  F.  M.  Balfoar,  A  Trealiie  an  ComparaHve  JSmiryriogy,  p.  256^  Londoo,  1881. 
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(2)  Iq  the  rat  and  the  mouse  the  yolk  sac  is  the  only  fcetal 
organ  of  nutrition  during  a  certain  period  of  development. 

(3)  The  almost  constant  appearance  of  the  hypoblast  in  the 
placental  area,  and  the  fact  that  it  enters  that  area  from  different 
situations  in  different  animals,  are  indications  of  its  functional 
importance  during  intra-uterine  development. 

(4)  The  hypoblast  is  not  merely  a  framework  which  carries 
the  splanchnic  mesoblast  on  its  expanding  sur£Gu>e  and  brings 
it  into  contact  with  the  trophoblast ;  on  the  contrary,  it  is.  an 
active  agent  of  considerable  nutritive  importance  during  the 
later  periods  of  development. 


DESCRIPTION  OF  THE  FIGURES  ON  PLATE  VIIL 

Figs.  1,  2,  and  &  are  compounded  from  several  sections.  Figs.  S, 
4,  5,  6,  7,  and  8  represent  individual  sections ;  their  outlines  were 
drawn  with  the  camera  lucida.  Figs.  10  and  11  are  drawn  from 
individual  sections. 

.     4 

Alphabetical  List  of  Referenee  Letters  for  dU  the  Figures. 

AL«Allantoi8. 

AM  =3  Amnion. 
AMC  »  Amnion  cavity. 

"  C»  Cephalic  end  of  embryonic  area. 

CE  «  Cavity  of  epiblast.  .   . 

COE=.CoelonL 

CT  «  Cavity  of  trophoblast. 

DT «-  Distal  trophoblast. 
£  >»  Formative  epiblast. 

EC  »  Enteric  canal. 
EHY  =  External  hypoblast. 
EMY«  Embryonic  hypoblast 
ENS  -  Entodermal  sinus, 

FG  =  Fore-gut 

FM  =  Foetal  mesoblast 
IHY  « Internal  hypoblast  * 

NC  =  Neural  canid. 

PC  =  Pericardial  mesoblast 

PS  ■=  Primitive  streak. 

PT  ■»  Proximal  trophoblast. 
S  ~  Hypoblast  lined  spaces  in  the  hilum  of  the  placenta. 

SM  a  Somatic  mesoblast    " 


THE  NUTRrnVE  IMPORTANCE  OF  THE  TOLK  SAC.        323 

SPM  B  Splanchnic  mesoblast. 
T  =  Trophoblaat. 
TC  =  Cavity  of  trophoblaat. 
YS-Yolksac. 
yi »  Villi  of  internal  hypoblast  and  splanchnic  mesoblaat 

Fig.  O.  Longitudinal  section  of  the  ovom  of  a  mouse  at  the  com- 
mencement of  the  seventh  day.     x  1 12. 

Fig.  2.  Longitudinal  section  of  a  mouse  a  little  older  than  that 
represented  in  fig.  L      x  160. 

Fig.  3.  Longitudinal  section  of  the  ovum  of  a  mouse  at  the  middle 
of  the  seventh  day.      x  170. 

Fig.  4.  Longitudinal  section  of  the  ovum  of  a  rat  at  the  middle  of 
the  eighth  day.      x  60. 

Fig.  5.  Longitudinal  section  of  the  ovum  of  a  mouse  at  the  ninth 
day.     X  60. 

Fig.  6.  Longitudinal  section  of  the  ovum  of  a  mouse  in  the  latter 
part  of  the  ninth  day.      x  60. 

Fig.  7.  Longitudinal  section  of  the  ovum  of  a  rat  at  about  the 
middle  of  the  tenth  day.      x  70. 

Fig.  .8.  Mesial  section  of  the  ovum  of  a  mouse  at  the  eleventh 
day.     X  33. 

Fig.  9.  Mesial  section  of  the  ovum  of  a  mouse  at  the  fourteenth 
day.     X 15. 

Fig.  10.  Mesial  section  of  the  foetal  placenta  and  the  proximal 
part  of  the  yolk  sac  of  a  mouse  ovum  at  the  sixteenth  day.      x  12. 

Fig.  11.  Mesial  section  of  the  foetlal  placenta  and  the  proximal 
part  of  the  yolk  sac  of  a  mousei  at  about  the  eighteenth  day.      x  10; 
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Mtoloot  of  the  Inferiob  ExivBinTT. 

Gluteal  Region. 

GlfUeu8  Moutimus. — ^Iq  each  of  the  Apes  this  muscle  was 
flat  and  thin  compared  with  the  corresponding  muscle  in  Man*^ 
Except  in  the  Orang  it  was  a  eositinuoua  musele,  extending  from 
the  posterior  part  of  the  iliac  crest  to  the  ischial  tuberosity,  bvt 
the  interval  between  the  gluteus  mazimus  and  tensor  fiascue 
femoris  muscles^  which  waa  comj^eted  by  the  gluteal 
aponeurosis,  was  larger  than  in  Man. 

Only  in  the  case  of  the  Orang  was  this  muscle  distinctly 
segmented  In  it,  the  upper  and  lower  parts  were  separated 
firom  each  other  by  a  wide  hiatus ;  but  in  all  the  aijimals  the 
lower  part  of  the  muscle  arose  from  the  ischial  tuberosity  in  close 
contact  with  the  ischial  origin  of  the  biceps  flexor  cruris. 
Not  having  been  able  to  make  a  complete  examination  of  this 
muscle  in  the  Gibbon,  I  am  not  in  a  position  to  make  a  definite 
statement  regarding  the  whole  muscle,  but  in  the  portion  which 
was  present  I  could  determine  that  the  anterior  fibres  were 
separated  from  the  remainder  of  the  muscle  except  at  their 
insertion,  and  they  constituted  the  sole  representative  of  the 
tensor  fascisB  femoris.  In  the  Orang  there  was  no  trace  of 
the  tensor  fasciae  femoris  muscle,  but  in  the  Gorilla  and 
Chimpanzee  it  was  present  as  a  feeble  muscular  slip  inserted 
into  the  fascia  of  the  thigh  close  to  the  insertion  of  the  gluteus 
maximus.  These  animals  therefore  provide  illustrations  of  the 
fact  that  the  gluteus  maximus  consists  originally  of   three 

^  Dr  Symington  acoounts  for  the  prominent  appearance  of  the  anus  in  Apes,  as 
compared  with  Man,  by  the  flattened  form  of  this  muscle  in  the  former,  and  its 
prominence  in  the  latter.— iS^.  British  Aaaoe.  1890,  p.  630. 
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segments,  united  to  a  certaih  ext'ent  by  a  fascial  The  lower  part 
of  the  muscle  arising  from  the  iBohiai  tuberosity  may  be  regarded 
as  the  displaced  agitator  cands,  while  the  gluteus  maximus 
proper  and  the  tensor  &soise  femoris  are  more  or  less  separated 
from  each  other*  In  all  the  animals  the  insertion  was  much 
lower  down  on  the  femur  .than  in  Man*  In  the  Qorilla  and 
€3iimpan7^ee  the  musoular  fibres  almost  reached  the  exteroal 
condyle  of  the  femur:  in  the  Orang  they  ceased  about  the 
middle  of  the  external  intermuscular  septum,  and  in  the  Gibbon 
they  did  not  extend  beyond  the  upper  half  of  the  shaft  of  the 
femur  on  its  posterior  aspect 

OluteuB  MediuB.-^lxi  all  the  animals  this  muscle  was  much 
moie  powerfully  developed  than  the  gluteus  maximus,  and  in 
every  case  it  was  quite  distinct  from  lihe  glutens  minimus^ 
although  its  lower  margin  was  always  intimately  blended  with 
the  pyriformia  Throughout  the  series  its  origin  and  insertion 
were  fairly  similar  and  closely  corresponded  with  what  we  find  in 
Man.  In  the  Chimpanxee  we  may  note  that  the  insertion  was 
partly  split  by  an  upward  prolongation  of  the  vastus  extemus, 
on  the  external  surface  of  the  great  trochanter. 

OlutetLS  MinifMLS, — In  each  animal  this  muscle  was  distinct 
from  the  gluteus  medius,  but  it .  varied  in  size,  being  much 
larger  in  the  Gorilla  and  Chimpanzee  than  in  the  Orang  and 
Gibbon.  The  muscle  was  divisible  into  three  parts  in  the 
i^mpanzee.  Two  of  these  were  anterior  and  posterior,  while 
the  third  fascioulus  lay  under  cover  of  the  anterior  portion.  In 
the  Gorilla  there  were  anterior  and  posterior  portionsi,  the 
former  mucli  larger  than  the  latter,  whidi  arose  from  the  dorsum 
ilii  along  the  lower  maigin  of  the  great  sacro^sciatic  foramen, 
and  ran  outwaxds  to  blend  with  the  rest  of  the  muscle  near  its 
insertion.  In  both  the  Gibbon  and  Orang  it  was  a  small 
musde.  In  all  of  these  Apes  the  insertion  was  into  the  anterior 
border  of  the  great  trochanter.  In  association  with  the  anterior 
margin  of  the  gluteus  minimus  we  require  to  note  the  presence 
of  a  muscular  fasciculus  which  was  quite  distinct  from  it  in  the 
Chimpanzee  and  Orang,  but  blended  with  it  in  the  Gibbon  and 
<3orilia.  This  fasciculus  was  the  scansorius  muscle  which  arose 
fiY)m  the  dorsum  ilii  between  the  gluteus  minimus  and  the 
tensor  fasdie  femoris,  and.was  inserted  into  the  anterior  margin 
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of  the  great  trochanter  close  to  the  lower  edge  of  the  tendon  of 
insertion  of  the  gluteus  minimus. 

Pyriformia, — ^The  tendon  of  this  muscle  was  always  a  well* 
marked  feature  in  relation  to  the  lower  margin  of  the  gluteus 
medius,  but  the  muscular  parts  of  the  two  muscles  were  usually 
intimately  fused  with  each  other.  It  took  origin  from  the 
anterior  surface  of  the  sacrum,  extending  as  high  as  the 
second  sacral  segment  in  the  Chimpanzee  and  Orang,and  as  low 
as  the  fifth  sacral  segment  in  the  Chimpanzee  and  QoriUa.  (In 
the  Gibbon  the  origin  had  been  removed  in  the  plane  of  section.) 
Its  insertion  was  into  the  upper  margin  of  the  great  trochanter, 
close  to  the  jposterior  border  of  the  gluteus  mediua 

Obtv/rator  iTUemua, — The  obturator  intemus  was  a  welU 
developed  muscle,  with  a  flattened  tendon  playing  over  the 
osseous  margin  of  the  small  sciatic  foramen.  Between. the 
tendon  and  the  bone  there  were  sjmovial  surjGaices,  but  the  tendon 
was  not  so  distinctly  plicated  nor  the  cartilaginous  sur&oe  of 
the  bone  raised  in  ridges  as  in  Man.  ^  In  all  the  animals  there 
was  more  or  less  fusion  between  the  tendons  of  the  obturator 
intemus  and  obturator  eztemus  close  to  their  points  of  insertion, 
and  the  insertion  of  the  former  was  always  above  and  in  front 
of  the  tendon  of  the  latter.  Associated  with  the  upper  and 
lower  margins  of  the  obturator  intemus  tendon  there  were 
muscular  fibres  which  constituted  the  gemelli  muscles.  . 

OeTTiMi. — In  the  Qorilla,  Chimpanzee,  and  .Orang,  the 
superior  gemellus  was  attached  to  the  ischium  in  the  position 
of  the  ischial  spine,  which  was  rudimentary.  In  the  Chim- 
panzee the  superior  gemellus  was  larger  than  the  inferior,  but 
in  the  Orahg  this  proportion  was  reversed.  In  the  Gibbon,  on 
the  other  hand,  although  there  were  no  fibres  attached  to  the 
ischium  such  as  would  correspond  to  the  superior  gemellus, 
nevertheless  a  small  muscular  £au9ciculus  could  readily  be  raised 
from  the  surface  of  the  tendon  of  the  obturator  intemua  When 
the  position  of  this  fiEuciculus  is  considered  in  relation  to  an 
undoubted  inferior  gemellus  which  wss  placed  subjacent  to  the 
same  tendon  and  took  origin  fix)m  the  outer  border  of  the  ischial 
tuberosity,  we  are  fairly  warranted  in  concluding  that  these  super- 
ficial fibres  represented  the  superior  gemellus  detached  frt)m  its 
true  osseous  connection  to  the  ischium.  In  each  animal  there  was 
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a  distinct  inferior  gemellus,  which  was  as  a  rule  difficult  to  com-  • 
pletely  isolate  from  the  quadratus  femoris,  but  it  was  always  more  > 
or  less  inserted  into  the  lower  border  of  the  tendon  of  the 
obturator  internus.  With  the  iossumption  of  the  erect  attitude 
and  the  increased  size  of  the  pelvic  outlet,  the  levatores  ani 
muscles  of  Man  have  become  more  important  than  in  the  lower 
animals.  Probably  .this  is  accompanied  by  an  increase  in  the 
size  of  the  ischial  spine  and  the  attachment  of  some  superficial 
fibres  of  the  obturator  internus  to  its  outer  side,  thereby  con- 
stituting the  gemellus  superior. 

QuadTxUua  Femoris,  —  This  was  a  separate  and  distinct 
muscle  throughout  the  series, — ^that  is,  separate  from  the  upper 
border  of  the  adductor  magnus,  which  slightly  overlapped  it  in 
the  Orang;  but  in  the  Qibbon  the  quadratus  femoris  over- 
lapped the  adductor  magnus.  As  already  indicated,  the  inferior 
gemellus  was  closely  associated  with  the  upper  border  of  the 
quadratus  femoris,  in  some  cases  completely  fused.  In  the 
Chimpanzee,  Orang,  and  Qibbon,  its  insertion  was  somewhat 
peculiar,  consisting  of  apart  inserted  vertically  into  the  posterior 
surface  of  the  great  trochanter,  and  another  part  inserted  hori- 
zontally into  the  posterior  surface  of  the  femur  along  a  line 
passing  outwards  from  the  small  trochanter.  In  the  Gorilla,  only 
the  vertical  portion  of  this  insertion  was  present. 

Obtv/rator  Extemua. — ^This  muscle  followed  the  usual  arrange- 
ment found  in  Man ;  but  as  it  approached  its  insertion,  it  fused 
more  or  less  with  the  tendon  of  the  obturator  internus.  In 
each  case  it  was  inserted  into  the  digital  fossa  on  the  inner  sur- 
bee  of  the  great  trochanter. 

HaTnatring  Muscles, 

Biceps  Flexor  Cruris. — In  each  of  the  animals  this  muscle 
presented  two  heads — ^ischial  and  femoral ;  but  in  no  case  did 
they  unite  to  form  a  single  belly.  On  the  contrary,  the  two 
heads  remained  distinct,  and  only  in  the  Gibbon  did  the  mUscular 
fibres  of  the  femoral  head  join  the  tendon  of  the  ischial  head.' 
In  the  other  three  animals  there  was  only  fusion  to  a  variable 
extent  between  the  two  tendons  of  insertion.  In  my  Orang  the^ 
ischial  head  did  not. possess  the  insertion  into  the  lower  third  of 
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the  femur  as  described  by  Church.^  There  were  always  two 
distinct  insertions  for  these  two  heads ;  the  long  or  ischial  head 
being  inserted  into  the  head  of  the  tibia  on  its  outer  side,  while 
the  short  or  femoral  head  was  inserted  into  the  head  of  the 
fibula^  being  partly  fused  with  the  tendon  of  the  long  head,  and 
moreover  it  sent  a  wide  aponeurotic  expansion  to  join  the  &scia 
over  the  external  head  of  the  gastrocnemius.  In  the  Orang  an 
expansion  from  the  long  tendon  joined  the  external  surface  of 
the  capsule  of  the  knee-joint. 

8emitendino8U8» — This  muscle  had  the  usual  origin  from  the 
tuber  ischii  in  common  with  the  long  head  of  the  biceps,  and  in 
the  Chimpanzee  it  was  also  fused  with  the  upper  sur£stce  of  the 
semimembranosus.  The  line  of  insertion  into  the  inner  sur&ce 
of  the  shaft  of  the  tibia  was  in  all  cases  on  a  plane  posterior  to  the 
insertions  of  the  gracilis  and  sartorius,  but  in  the  Chimpanzee  and 
Gibbon  it  was  lower  down  than  the  insertion  of  the  gracUi&  It 
is  to  be  noted  that  the  insertion  of  this  muscle  as  well  as  that  of 
the  gracilis  and  sartorius  was  considerably  lower  down  on  the 
shaft  of  the  tibia  in  the  Qibbon,  Orang,  and  Chimpanzee  than  it 
was  in  the  Gorilla.  In  the  three  animals  first  named  a  &int 
tendinous  intersection  was  visible  midway  in  the  length  of  the 
belly  of  the  muscle. 

Semimernhranoavs. — Contrasting  this  muscle  in  the  various 
Apes  with  that  of  Man,  the  only  noteworthy  features  in  connec- 
tion with  it  were  found  in  relation  to  its  tendon  of  insertion* 
This  was  a  definite  rounded  structure  inserted  in  the  usual  way, 
but  not  contributing  any  expansions  to  the  posterior  ligament  of 
the  knee-joint  or  to  the  deep  fascia  of  the  leg  except  in  the 
Gorilla,  in  which  both  of  these  expansions  were  present,  although 
of  feeble  dimensions. 

Muscles  on  the  Anterior  Aspect  of  the  Thigh* 

» 

Psoas  Parvus, — In  each  of  the  animals  this  musc.e  was 
present.  It  was  smaller  than  the  Psoas  magnus,  and  arose  from 
the  sides  of  the  bodies  of  the  last  dorsal  and  the  upper  one  or 
two  lumbar  vertebrae.  In  each,  its  insertion  was  into  the  ilio- 
pectineal  line,  farther  forward  in  the  Chimpanzee  than  in  the 

1  Choreic  Nat.  Hist,  JRev.,  1862. 
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OraDg  and  Qoiilla.  There  was  no  opportunity  of  examining 
thi8  muscle  in  the  Gibbon,  but  according  to  Eohlbriigge^  it 
arises  from  the  first  three  lumbar  vertebrsB  in  H.  agUis, 

Hio-psoaa.  {IHcuma  and  Psoas  Magmus.) — ^This  large  compo- 
site muscle  had  very  similar  connections  throughout  the  series. 
The  iUacus  occupied  the  iliac  fossa,  while  the  psoas  magnus  arose 
fiom  a  varying  number  of  vertebras : — ^in  the  Gorilla,  from  the 
bodies  of  the  first  three  lumbar  vertebrae,  with  their  interver- 
tebral discs,  the  transverse  process  of  the  third  lumbar  vertebra 
and  the  iliac  crest  external  to  that  point :  in  the  Chimpanzee, 
from  the  bodies  and  intervertebral  discs  of  the  four  lumbar  and 
the  first  sacral  vertebrae,  also  from  the  transverse  processes  of 
the  lumbar  vertebrae :  in  the  Orang,  from  the  last  (12th)  dorsal 
and  all  (4)  the  lumbar  vertebrae :  in  the  Gibbon,  an  additional 
origin  was  observed,  viz.,  from  the  outer  side  of  the  tendon  of 
origin  of  the  rectus  femoris.  This  particular  origin  was  also 
seen  by  Eohlbrtigge.  The  insertion  of  these  combined  muscles 
corresponded  to  the  condition  found  in  Man,  being  into  the 
small  trochanter  and  into  the  shaft  of  the  femur  for  a  short 
distance  below  it. 

SaHorius. — ^In  every  case  this  muscle  was  attached  to  the 
anterior  border  of  the  ilium  lower  down  than  in  Man,  being 
situated  between  the  iliacus  and  scansorius,  and  close  to  the 
origin  of  the  rectus  femoris.  In  all,  it  was  a  well-defined 
ribbon-shaped  muscle,  which  crossed  the  thigh  obliquely  to 
reach  its  inner  side,  along  which  it  descended  posterior  to  the 
internal  condyle  of  the  femur.  Then  turning  forwards,  it  was 
inserted  into  the  inner  surface  of  the  shaft  of  the  tibia  super- 
ficial to  the  insertions  of  the  gracilis  and  semitendinosus 
muscles,  and  sent  an  expansion  to  the  deep  fascia  of  the  leg. 

Qiuidriceps  Extensor  Cruris, — ^In  all  the  animals  this  com- 
pound muscle  was  very  readily  separated  into  its  component 
parts,  although  the  separation  could  not  be  so  completely  effected 
as  in  Man.  The  origin  of  the  rectus  femoris  was  double  in 
every  case  except  the  Gibbon,  in  which  it  arose  from  a  single 
tendon,  and  Macalister  ^  has  stated  that  a  similar  condition  is 

^  Loceit 

*  '*Mti8ciilar  Anatomy  of  Tasmanian  Devil  and  Wombat"  {Ann.  and  Mag, 
NaL  HisL,  vol.  v.,  4th  series). 
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found  in  several  of  the  Marsupials,  although  this  remark  does  not 
apply  to  all  the  Marsupials,  in  many  of  which  it  is  also  double.^ 

In  those  Anthropoids  in  which  the  origin  was  double,  it 
presented  more  the  form  of  an  arch  closely  appUed  to  the  upper 
surface  of  the  acetabulum,  rather  than  two  separate  heads  as 
in  Man.  The  other  factors  of  the  muscle  were  well  developed,, 
and  possessed  the  relative  proportions  and  attachments  which 
are  characteristic  of  the  corresponding  muscles  in  Man.  Towards 
their  insertions  these  muscles  were  grouped  round  the  upper 
border  and  lateral  margins  of  the  patella,  which  was  a  well- 
developed  bone.  In  this  way  they  contributed  to  the  formation 
of  the  capsule  of  the  knee-joint  on  its  antero-lateral  aspects. 
From  the  lower  border  of  the  patella  a  powerful  ligamentum 
patellsB  continued  these  tendons  of  insertion  to  the  anterior 
tubercle  of  the  shaft  of  the  tibia. 

In  every  case  a  few  small  but  distinct  pale-coloured  fasciculi 
were  found  on  raising  the  lower  part  of  the  crureus  muscle 
from  the  shaft  of  the  femur.  These  constituted  the  subcrureus 
muscle,  and  it  had  the  usual  attachments. 


Muscles  on  the  Inner  Aspect  of  the  Thigh. 

Pectineus. — This  muscle  was  fairly  constant  in  position^ 
although  it  varied  in  width  and  was  always  a  very  thin  stratum. 
It  arose  from  the  horizontal  ramus  of  the  pubis  in  front  of  the 
ilio-pectineal  line,  and  extended  from  the  ilio-pectineal  eminence 
on  the  outer  side  to  the  origin  of  the  adductor  lougus  on  the 
inner  side.  In  the  Gorilla  and  Orang  this  muscle  abutted  so 
closely  against  the  adductor  longus,  which  had  a  flattened 
instead  of  a  rounded  origin  and  extended  for  a  considerable 
distance  outwards  in  consequence,  that  it  is  quite  easy  to 
understand  how  a  portion  of  the  adductor  longus  might  become 
detached  and  left  in  association  with  the  pectineus.  In  this 
way  not  only  would  the  pectineus  gain  in  size,  but  it  would 
account  for  that  arrangement  of  its  nerves  which  is  sometimes 
found,  viz.,  its  supply  by  the  anterior  crural  and  obturator 
nerves.      The  insertion  of   the  pectineus  was    in  ijbs   usual 

^  Cunningham,  loc,  eit. 
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sitnadon,  viz.,  into  the  shafk  of  the  femur  immediately  posterior 
to  the  insertions  of  psoas  and  iliacus. 

Adductor  Longua. — ^In  the  Chimpanzee  this  muscle  had  the 
usual  rounded  tendon  of  origin,  but  in  the  other  three  animals 
its  origin  was  flattened  and  fleshy.  In  the  Oraug  the  pro- 
portion between  the  width  of  adductor  longus  and  pectineus 
at  their  origins  was  very  instructive,  for,  while  the  pectineus 
only  measured  one-third  of  an  inch,  the  adductor  longus 
measured  three-fourths  of  an  inch.  As  the  muscle  descended 
from  its  origin  it  underwent  still  further  expansion,  and  was 
inserted  into  the  linea  aspera  in  the  middle  portion  of  the 
femoral  shaft. 

OracUis, — ^This  was  relatively  a  much  more  powerful  muscle 
than  in  Man.  Its  origin  was  very  extended,  usually  springing 
firom  the  whole  length  of  the  body  of  the  pubis  close  to  the 
-symphysis,  and  in  addition  extending  outwards  on  one  or  both 
of  its  rami — descending  and  horizontal.  The  course  of  the 
muscle  was  as  usual,  and  it  was  inserted  in  association  with  the 
semitendinosus  and  sartorius.  By  means  of  a  strong  aponeu- 
rotic expansion  into  the  fascia  of  the  leg,  its  adducting  power 
can  be  applied  much  lower  down  than  in  Man.  This  expanded 
aponeurosis  was  much  more  fully  developed  in  the  Orang  and 
Gibbon  than  in  the  Gorilla  and  Chimpanzee,  and  is  doubtless 
to  be  associated  with  the  special  habits  of  these  animals,  since 
the  former  pair  are  much  more  distinctively  arboreal  than  the 
latter. 

Addu^cUyi*  Brevis. — Although  in  each  of  the  Apes  this  was  a 
perfectly  distinct  muscle,  taking  origin  from  the  front  of  the 
body  of  the  pubis  between  the  adductor  longus  and  gracilis 
internally  and  the  obturator  extemus  externally,  yet  it  pre- 
sented considerable  variety  in  the  size  which  it  attained  in  the 
different  animals.  It  reached  its  greatest  development  in  the 
iGorilla,  in  which  at  its  insertion  into  the  linea  aspera  it  over- 
lapped the  adductor  longus  posteriorly,  both  at  its  upper  and 
lower  margins. 

In  the  Chimpanzee  and  Orang  it  was  actually  and  relatively 
a  much  smaller  muscle,  and  in  each  of  them  it  partially  seg- 
mented into  two  portions.  In  both  animals  it  was  inserted 
posterior  to  the  pectineus,  and  into  the  line  which  lieads  from 
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the  small  trochanter  to  the  linea  aspera.  The  two  segments 
were  distinct  from  each  other  until  quite  close  to  the  femur, 
where  they  fused ;  in  the  Orang  the  inner  and  posterior  segment, 
which  was  very  slender,  fused  with  the  adductor  magnus.  In 
the  Qibbon  the  muscle  was  about  equal  in  size  to  the  pectineus, 
and  was  in  one  portion,  which  was  inserted  into  the  femur  be- 
tween the  pectineus  and  upper  part  of  the  adductor  magnus,  and 
intimately  attached  to  the  latter  near  to  the  line  of  insertion* 

Adductor  Minimvs. — ^This  muscle  was  very  distinctly  seen 
in  the  Gorilla,  in  which  it  arose  from  the  front  of  the  body  and 
horizontal  ramus  of  the  pubis  between  adductores  brevis  and 
longus,  superiorly,  and  obturator  extemus,  inferiorly.  It  was 
inserted  into  the  posterior  aspect  of  the  shaft  of  the  femur 
behind  the  pectineus.  Its  upper  margin  was  separated  by  a 
narrow  interval  from  the  quadratus  femoris,  and  a  similar 
interval  divided  its  lower  margin  from  adductor  ma^us. 
Probably  the  deeper  of  the  two  slips  found  in  the  Chimpanzee 
and  Orang,  and  referred  to  under  the  head  of  adductor  brevis, 
may  represent  this  muscle  in  a  transition  stage;  while  the 
adhesion  of  adductor  brevis  to  adductor  magnus  in  the  case  of 
the  Qibbon  may  indicate  a  still  earlier  stage  in  the  segmenta- 
tion of  this  special  muscle. 

Adductor  Magnus. — ^This  was  in  every  instance  by  fer  the 
most  powerful  of  the  series  of  adductor  muscles.  The  origin 
fairly  corresponded  to  that  of  Man,  but  in  the  Gibbon  and 
Chimpanzee  it  showed  a  tendency  to  become  fasciculated.  So 
much  was  this  the  case  in  the  Chimpanzee  that  a  portion  of 
the  ischial  origin  quite  readily  separated  from  the  remainder  of 
the  muscle.  This  ischial  head  developed  a  rounded  tendon 
which  was  inserted  into  the  adductor  tubercle  on  the  inner 
condyle  of  the  femur,  and  it  is  of  great  interest  and  importance 
to  note  that  this  particular  portion  of  the  adductor  magnus 
muscle  received  its  nerve-supply  from  the  great  sciatic  nerve« 
Altogether  it  was  much  liker  an  additional  hamstring  muscle 
than  an  adductor,  and  it  received  its  nerve-supply  accordingly. 
Again,  it  was  between  these  two  distinct  portions  of  the 
adductor  magnus  muscle  that  the  femoral  vessels  passed  from 
the  front  of  the  thigh  into  the  popliteal  space.  An  interesting 
modification  of  ttus  condition  of  the  ischial  head  was  found  in 
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the.  Gibbon/  In  it,  the  ischial  head  was  not  separable  from  the 
rest  of  the  muscle,  but  it  nevertheless  developed  a  rounded 
tendon,  bj  means  of  which  it  was  inserted,  not  into  the  internal 
condyle  of  the  femur,  but  into  the  middle  of  the  internal 
sapracondyloid  ridge,  posterior  to  the  femoral  vessels,  which 
therefore  become  continuous  with  the  popliteal  vessels  in  the 
interval  between  vastus  intemus  and  the  tendon  of  semi- 
membranosus. In  the  Gorilla  and  Orang  the  ischial  portion 
of  the  muscle  was  inserted  in  the  usual  way.  Indeed,  the  entire 
muscle  in  the  Orang  resembled  that  of  Man  more  closely  than 
in  any  of  the  other  animals.  In  the  Gbrilla  the  insertion  of 
the  muscle  into  the  linea  aspera  only  extended  as  high  as  the 
lower  border  of  adductor  minimus :  in  the  Chimpanzee  it  over- 
lapped the  adductor  minimus  to  a  slight  extent,  and  in  the 
Orang  and  Gibbon  it  ran  upwards  to  the  lower  border  of 
quadratus  femoris.  Lastly,  in  the  Chimpanzee  the  lower  fibres 
of  the  deep  portion  spread  out  on  and  were  inserted  into  the 
greater  part  of  the  popliteal  surface  of  the  femur,  extending  as 
low  down  as  the  posterior  ligament  of  the  knee-joint.  To  a 
modified  extent  the  same  coudition  was  present  in  the  Orang. 
Now,  when  we  consider  that  these  particular  fibres  on  the  pop-* 
liteal  surface  of  the  femur  belong  to  that  part  of  the  adductol^ 
magnus  which  is  innervated  from  the  obturator  nerve,  there  is 
no  difficulty  in  understanding  the  channel  through  which  this 
nerve  reaches  the  posterior  aspect  of  the  knee-joint.  Carried 
to  that  position  in  the  substance  of  the  adductor  magnus,  it 
retains  its  hold  of  the  region  even  when  the  muscle  has  re* 
treated,  leaving  the  popliteal  surface  of  the  femur  devoid  of 
muscular  fibres.  There  are  many  other  instances  of  the  persist* 
ence  of  nerves  in  positions  where  they  were  once  associated 
with  muscular  fibre,  long  after  these  muscular  end-organs  have 
entirely  disappeared,  and  fix>m  them  the  illustration  under 
consideration  derives  support. 

Muscles  of  the  Leq. 
Anterior  Region^ 

Tibialis  Anticus, — ^There  was  a  close  similarity  among  the 
several  instances  of  this  muscle  throughout  the  series  of  dissec* 
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tioxiB,  and  it  intimately  corresponded  with  the  sam^  muscle  in 
Man.  In  every  case  there  was  a  double  tendon  and  a  double 
insertion— the  one  into  the  entocuneiform,  the  other  into  the 
internal  aspect  of  the  base  of  the  first  metatarsal  bone.  Each 
of  these  tendons  was  the  outcome  of  a  special  part  of  the  belly 
of  the  muscle,  and  in  the  Gibbon  and  Chimpanzee  this  splitting 
of  the  muscle  was  present  for  some  distance  above  the  anterior 
annular  ligament  of  the  ankle-joint  There  can  be  no  doubt 
but  that  this  muscle  is  the  homologue  of  that  which  in  the 
forearm  occupies  the  position  of  the  extensores  ossis  metacarpi 
pollicis  and  primi  intemodii  pollicis  of  Man.  I  have  already^ 
endeavoured  to  show  that  these  extensors  of  the  poUex  are 
really  present  under  modified  conditions,  and  therefore  I  am 
disposed  to  consider  that  the  tibialis  anticus  is  homologous  with 
both  of  them. 

Extensor  Proprius  HaUU'Cis, — This  muscle  closely  resembled 
its  prototype  in  Man,  both  as  regards  its  origin  and  insertion. 
In  the  animals  under  consideration,  the  tendon  of  the  muscle 
was  retained  in  a  strong  fibrous  sheath  in  relation  to  the  dorsum 
of  the  first  metatai'sal  bone,  and  from  the  fietct  that  the  dorsum 
of  the  hallux  is  well  turned  over  towards  the  tibial  aspect  of 
the  foot,  it  is  advantageously  situated  for  acting  as  an  abductor 
of  the  hallux  as  well  as  an  extensor  of  the  last  phalanx.  Many 
points  in  connection  with  this  muscle  at  once  recall  the  extensor 
pollicis  loQgus,  with  which  it  is  no  doubt  homologous. 
.  Extensor  Longus  Digitonim. — ^In  all  essential  features  this 
muscle  corresponded  throughout  the  series,  and  resembled  that 
of  Man  in  being  distributed  to  the  four  outer  digita  In  the 
case  of  the  Orang,  cross  bands  of  connection  were  found  between 
these  tendons  on  the  dorsum  of  the  foot. 

Peronevs  Tertiua, — There  was  no  trace  of  this  muscle  in 
any  of  the  Apes  under  consideration.  It  is  characteristic  of 
Man,  and  appears  to  be  associated  with  the  act  of  walking  in 
the  erect  attitude.  By  its  action  the  outer  border  of  the  foot 
is  prevented  from  coming  in  contact  with  the  ground  before  the 
inner  border.  In  other  words,  when  the  heel  touches  the 
ground  in  the  act  of  walking,  the  front  pai*t  of  the  foot  is  steadied 
by  the  tibialis  anticus  and  peroneus  tertius  muscles,  iuid  so  we 

^  Jowr*  AnaL  and  Pkys.,  Jan.  1802  (Part  I.  of  this  paper).  . 
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are  enabled  to  apply  the  fiat  sole  gently  to  the  grouncL  With- 
out the  peroneus  tertius,  the  inner  border  of  the  foot  would  be 
higher  than  the  outer  border  which  would  specially  be  in  contact 
with  the  ground  in  the  act  of  walking  as  is  seen  in  the  Ape& 

In  a  recent  paper,^  Mr  Ramsay  Smith  deals  with  this  inuscle, 
and  &om  clinical  observations  he  concludes  that  the  peroneus 
tertius  muscle  prevents  the  foot  from  coming  down^^op  when 
the  heel  is  placed  on  the  ground  in  the  act  of  walking ;  in  other 
words^  it  assists  in  preventing  **  spasmodic  "  extension  of  the 
ankle-joint  in  ordinary  walking.  He  also  considers  that  the 
peroneus  tertius  helps  in  maintaining  the  ei-ect  attitude,  and 
believes  that  these  reasons  explain  "  how  the  peroneus  tertius 
muscle  is  the  peculiar  property  of  the  human  subject" 

Extefnaor  Brevia  Digitorwm. — This  muscle  was  well  repre- 
sented in  each  animal.  It  had  the  usual  four  tendons  inserted 
into  the  four  inner  digits ;  that  for  the  hallux  being  attached 
to  the  base  of  the  first  phalanx ;  those  for  the  other  three  digits 
becoming  attached  to  the  'tendons  of  the  long  extensor.  The 
innermost  fasciculus  of  the  muscle  was  almost  a  separate  muscle 
on  account  of  its  transverse  course  inwards  to  reach  the  base 
of  the  first  phalanx  of  the  hallux.  Cunningham'  says : — "  Ruge* 
■traces  with  great  ability  the  histoiy  of  this  muscle.  It  belongs 
originally  to  the  peroneal  group  of  muscles,  and  in  the.Mono- 
tremata  it  may  be  observed  to  arise  entirely  fi:om  the  fibula. 
Its  progress  as  it  passes  down  to  the  dorsum  of  the  foot  can 
be  traced  step  by  step  through  the  mammalian  seriea  First  one 
belly  descends,  then  another,  and  so  on  until  the  entire  muscle 
gains  the  dorsum  of  the  foot  as  in  Man." 

External  Region. 

Peronetis  Longus.  —  In  every  case  this  muscle  was  well 
developed,  and  presented  the  usual  origin,  course,  and  insertion 
with  which  we  are  familiar  in  Man,  except  that  in  all  the 
animals  its  insertion  was  limited  to  the  base  of  the  first  meta- 
tarsal bone.  In  connection  with  this  muscle,  it  is  well  to 
remember  the  hypothesis  advanced  by  Ruge,^  who  concludes 

1  Edin,  Med.  Jour.,  Jan,  1892.  >  Lo^  cU. 

*  "A  Besearch  into  tlie  Gronp  of  Extensors  of  the  Leg  and  Foot  of  Mammalia/* 
M&rph.  Jahr.  1880.  *  Loc  eU. 
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that  its  tendon  was  originally  attached  to  the  base  of  the  fifth 
metatarsal  bone,  and  that  its  progress  inwards  across  the  sole  of 
the  foot  is  due  to  its  coming  more  and  more  in  contact  with  the 
plantar  ligaments.  Presumably,  therefore,  it  reaches  its  most 
speciaUsed  condition  in  the  feet  of  the  Anthropoid  Apes,  and  its 
accessory  slips  to  the  internal  cuneiform  bone,  and  the  base  of 
second  metatarsal  bone  as  seen  in  Man,  may  be  considered  as 
reversionary  stages  tending  towards  a  reproduction  of  its  original 
condition* 

Peroneus  Brevia. — Only  in  the  Orang  was  there  any  marked 
deviation  from  the  usual  type  of  this  muscle.  In  it,  the  tendon 
split  into  three  portions.  The  most  slender  of  the  three  was 
inserted  into  the  posterior  surface  of  the  projecting  tubercle  of 
the  fifth  metatarsal  bone.  The  other  two  were  of  equal  size,  and 
of  these  one  was  inserted  into  the  outer  side  of  the  base  of  the 
fifth  metatarsal,  the  other  ran  forwards  in  a  fibro-synovial  sheath 
on  the  dorsum  of  the  fifth  digit,  and  joined  the  outer  side  of 
the  common  extensor  tendon  to  that  digit.  This  last  insertion 
is  most  instructive.  In  the  Thylacine,^  the  extensor  brevis 
digitorum  sends  a  tendon  to  the  little  toe,  and  Buge^  is  of 
opinion  that  the  Peroneus  brevis  is  originally  the  outermost 
tendon  of  the  extensor  brevis  digitorum.  The  present  dissec- 
tion p^vides  confirmatory  evidence  of  this  supposition. 

If  examined  side  by  side  it  must  now  be  apparent  that  the 
extensor  brevis  digitorum  with  the  peroneus  brevis  forms  a 
complete  muscle,  sending  a  tendon  to  each  of  the  five  digits. 
Each  of  the  four  outer  tendons  becomes  blended  with  the 
corresponding  tendons  of  the  long  extensor  muscle,  while  that 
for  the  hallux  is  inserted  into  the  base  of  the  first  phalanx 
of  that  digit.  It  will  be  remembered  that  the  extensor  pro- 
fundus digitorum  (extensor  indicis)  of  the  hand  of  the  Gibbon 
presented  tendons  inserted  into  the  index,  medius,  and  annularis 
digits.  It  therefore  seems  to  me  that  the  peroneus  brevis 
and  extensor  brevis  digitorum  represent  together  such  a 
muscle  as  has  been  described  in  the  upper  limb  under  the 
name  of  extensor  profundus  digitonim,  and  of  which  the  sole 
remaining  portion  in  Man  is  the  extensor  indicis.  In  the 
foot   of  Man  and  of  the  Anthropoid  Apes  the   homologous 

^  CunniDgham,  loe,  eU,  '  Loc  eii. 
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mnsde  is  well  preserved,  although  to  a  great  extent  moved 
from  the  fibular  aspect  of  the  leg  to  the  dorsum  of  the  foot. 
For  these  reasons  I  am  not  inclined  to  regard  the  innermost 
segment  of  the  extensor  brevis  digitorum  pedis  as  homologous 
with  the  extensor  primi  internodii  pollicis  (extensor  brevis 
poUicis),  but  rather  to  look  upon  it  as  a  muscular  slip,  of 
which  the  homologue  has  disappeared  from  the  hand  of  the 
Anthropoid  Apes  as  well  as  of  Man« 

Posterior  Region. 

OastrocnefnUne, — In  each  animal  this  was  a  distinct  muscle 
arising  firom  two  heads  which  fused  in  the  lower  part  of  the  leg 
to  become  attached  to  the  Tendo  Achillis.  In  no  instance  was 
there  the  same  proportionate  development  of  muscular  fibre  as 
in  Man,  and  hence  the  calf  of  the  leg  was  very  flat.  In  the 
Gibbon  a  sesamoid  bone  was  developed  in  connection  with  each 
tendon  of  origin.  In  the  Chimpanzee  the  inner  head  came  into 
intimate  relation  with  that  part  of  the  adductor  magnus  which 
is  inserted  into  the  popliteal  sur&ce  of  the  femur,  and  it  rested 
upon  but  did  not  take  origin  firom  the  posterior  ligament  of  the 
knee-joint.  In  the  Orang,  on  the  other  hand,  the  inner  head 
derived  fibres  of  origin  from  the  posterior  ligament  of  the 
knee-joint;  and  in  the  same  animal  the  outer  head  was 
placed  superficial  to  the  condylar  origin  of  the  outer  or  fibular 
segment  of  the  flexor  longus  digitorum.  In  the  Qorilla  and 
Chimpanzee  the  muscular  fibres  from  the  inner  head  extended 
&rther  down  the  leg  than  those  from,  the  outer  head. 

The  PlarUaria  longvs  muscle  was  absent  from  all  the  four 
animals. 

Soleus. — ^In  each  of  the  animals  this  muscle  arose  from  the 
posterior  suifeu^  of  the  head  of  the  fibula  by  a  circumscribed 
tendon,  which,  in  the  case  of  the  Orang,  was  intimately 
connected  with  the  outer  head  of  the  gastrocnemius.  In  the 
Chimpanzee  a  few  additional  fibres  arose  firom  aji  aponeurosis 
attached  to  the  popliteal  line  on  the  tibia.  In  each  case  it  was 
inserted  into  the  deep  surface  of  the  Tendo  Achillis,  the 
muscular  fibres  extending  close  down  to  the  os  calcis. 

To  the  Tendo  Achillis  were,  attached  the  soleus  and 
gastrocnemius   muscles    after    the    manner  indicated.    As  a 
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separate  structure  it  could  scarcely  be  said  to  exist,  for  it  was  not 
clear  of  muscular  fibres  until  quite  close  to  its  line  of  insertion 
into  the  posterior  surface  of  the  os  calcis.  In  every  case  a  syno- 
vial bursa  intervened  between  the  tendon  and  the  bona  The 
line  of  insertion  was  veiy  oblique  in  the  Orang  and  Gibbon,  the 
result  being  that  the  heel  was  raised  from  the  ground,  the  outer 
border  of  the  foot  depressed,  and  the  inner  border  of  the  foot 
elevated.  Clearly  this  arrangement  harmonises  with  what  we 
know  of  the  habits  of  these  animals  in  which  the  sole  of  the  foot 
is  not  completely  applied  to  the  ground  in  the  act  of  walking. 
Indeed,  they  rarely  adopt  this  mode  of  progression.  In  the 
Gorilla  and  Chimpanzee,  on  the  other  hand,  which  spend  a  con* 
siderable  part  of  their  time  on  the  ground,  the  insertion  of  Tendo 
Achillis  was  more  akin  to  what  is  found  in  Man,  and  to  a  consider- 
able extent  they  can  apply  the  sole  of  the  foot  to  the  ground. 

Poplitevs. — In  each  animal  this  muscle  was  well  represented. 
In  the  Gorilla  and  Gibbon  it  arose  by  a  single-rounded  tendon 
as  in  the  case  of  Man ;  in  the  Chimpanzee,  there  were  two 
origins,  one  a  rounded  tendon  as  in  Man,  the  other  fix>m  the 
capsule  of  the  knee-joiut  immediately  behind  the  external 
condyle  of  the  femur.  In  the  Orang  there  were  also  two  origins, 
for,  in  addition  to  the  usual  rounded  tendon,  there  was  a 
second  strong  tendon  which  also  arose  within  the  capsule  of  the 
knee-joint  and  was  attached  to  the  upper  and  outer  part  of  the 
head  of  the  fibula.  The  nei^ve  of  supply  in  each  case  corre- 
sponded with  that  of  Man. 

Fleocor  Longua  Digitorvmi — Flexor  Longvs  Hallucis, — ^It 
will  be  best  to  examine  these  two  muscles  together,  on  account 
of  the  intimate  connections  which  existed  between  their 
tendons  in  the  sole  of  the  foot.  In  the  Gorilla  these  two 
muscles  in  all  their  details  very  closely  resembled  the  con- 
ditions found  in  Man,  but  in  the  other  animals  the  differences 
were  very  pronounced.  A  careful  examination  showed  that 
these  two  muscles  at  one  time  formed  a  continuous  stratum — 
a  condition  which  is  still  present  in  the  Orang.  This  stratum 
divides  into  tibial  and  fibular  segments,  which  afterwards 
specialise  into  flexor  longus  digitorum  and  flexor  longus 
hallucis  respectively.  In  the  Orang  the  fibular  segment 
possesses  a  strong  condylar  origin  fi*om  the  external  condyle  of 
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the  femur  subjacent  to  the  outer  head  of  the  gastrocnemius. 
From  each  of  these  segments  powerful  tendons  resulted,  and 
they  entered  the  sole  of  the  foot  to  be  distributed  to  the  digits 
in  the  following  manner : — ^In  the  Gibbon  the  fibular  segment 
(flex.  long,  hall.)  was  the  larger  and  more  powerful  of  the  two. 
Its  tendon  subdivided  into  five  rounded  tendons,  one  for  each 
digit,  where  they  played  the  part  of  deep  or  perforating 
tendon&  The  tibial  segment  (flex.  long,  dig.)  was  smaller  than 
the  fibular;  in  the  foot  it  sent  slips  to  augment  the  deep 
tendons  already  in  position  for  the  first  and  third  digits. 
Further,  it  assisted  in  the  formation  of  the  superficial  tendons 
(flex.  brev.  dig.)  for  the  third,  fourth,  and  fifth  digits. 

In  the  Oiang  the  fibular  segment  provided  the  deep  tendons 
for  the  third  and  fourth  digits,  but  there  was  no  long  tendon 
for  the  hallux.  The  tibial  segment  provided  the  deep  tendons 
for  the  second  and  fifth  digits,  augmented  the  superficial 
tendon  to  the  fourth  digit,  and  provided  the  whole  of  the 
superficial  tendon  to  the  fifth  digit.  In  the  Chimpanzee  the 
fibular  segment  provided  deep  or  long  tendons  for  the  hallux^ 
third,  and  fourth  digits.  The  tibial  segment  provided  deep  or 
long  tendons  for  the  second,  third,  fourth,  and  fifth  digits,  but 
those  for  the  third  and  fourth  digits  were  very  small. 

In  the  Gorilla,  as  already  stated,  the  fibular  segment  pi\>- 
vided  the  long  tendon  for  the  hallux,  and  sent  a  strong  slip  to 
join  the  tendon  of  the  tibial  segment  prior  to  its  subdivision 
for  the  second,  third,  fourth,  and  fifth  digits,  for  which  it 
provided  the  deep  or  perforating  tendon. 


Gibbon, 
Orang,  , 
Chimp., 
Chmllft, 


{Fibular  segt* 
Tibial  segt 

/  Fibular  segt. 
\  Tibial  segt 

J  Fibular  segt. 
\  Tibial  segt. 

{Fibular  segt 
TibUl  segt. 


Deep  or  Long  Tendons. 
Digits, 


1,    2,    8,  4,    5 
1,           8, 

8,  h 
2,  6 

1,  8,  4, 

2,    8,  4,    5 

1,     (strong  slip) 

2,    8,  4,    5 


Superficial  Tendons. 
Digits. 


8,    4,    6 
4,    6 
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From  this  tabular  arrangement  it  will  readily  appear  that  the 
tendency  is  for  the  fibular  segment  to  become  restricted  to  the 
hallux,  except  for  the  slip  of  communication  with  the  tendon  of 
the  tibial  segment,  i.e.,  it  specialises  into  flexor  longus  hallucis ; 
while  the  tibial  segment  loses  its  association  with  the  super- 
ficial flexors,  and  becomes  the  true  flexor  longus  digitorum. 

Lv/nibricales, — In  each  animal  there  were  four  of  these 
muscles,  and,  with  the  exception  of  the  innermost,  each  arose 
from  contiguous  sides  of  two  deep  tendons.  In  the  Orang 
only  the  second  lumbrical  had  these  attachments,  all  the  others 
arising  fi-om  the  tibial  side  of  a  single  tendon.  Their  insertions 
were  similar  to  those  of  the  corresponding  muscles  in  Man. 

Tibialia  Posticus. — In  each  instance  this  muscle  lay  subjacent 
to  the  flexor  stratum  already  described.  There  were  no  out* 
standing  features  of  difference  in  its  origin  compared  with  Man, 
and  in  all  the  animals  it  was  inserted  into  the  lower  part  of  the 
scaphoid  bone,  sending,  in  addition,  a  slip  which  joined  the 
sheath  of  the  peroneus  longus  in  the  Oiung ;  the  sheath  of  the 
peroneus  longus  and  plantar  ligaments  in  the  Gibbon;  the 
meso-  and  ecto-cuneiform  bones  in  the  Chimpanzee ;  and  the 
ecto-cuneiform  bone  in  the  Gorilla. 

Muscles  of  the  Foot. 

In  continuing  this  comparative  statement,  I  shall  adhere  to 
the  method  adopted  in  the  case  of  the  hand,  and  discuss  each 
muscle  as  it  appears  in  the  course  of  an  ordinary  dissection  of 
the  human  foot.  The  facts  noted  with  regard  to  the  layers  of 
^perficial  and  deep  fascia  do  not  require  special  discussion,  so 
that  we  may  at  once  proceed  to  an  examination  of  the  various 
muscles,  taking  them  in  the  order  indicated. 

Flexor  Brevis  Digitorv/nL — ^This  muscle  occupied  its  well- 
known  position,  subjacent  to  the  central  portion  of  the  plantar 
fascia.  In  the  Gorilla  and  Orang  the  origin  was  chiefly  from 
the  OS  calcis,  and  in  the  latter  animal  the  calcanear  origin  was 
so  much  to  the  inner  side  as  to  be  to  some  extent  under  cover 
of  the  origin  of  abductor  hallucis.  In  the  Chimpanzee  and 
Gibbon  there  was  the  usual  calcanear  origin,  but,  in  addition, 
there  was  a  distinct  head  of  origin  from  the  plantar  aspect  of 


THE  MUSCLES  AKD  NERVES  OF  ANTHROPOID  APES,       341 

the  undivided  tendon  of  the  flexor  longus  digitorum  (tibial 
segment) ;  and  in  the  Chimpanzee  there  was  almost  continuity 
between  the  muscular  fibres  of  the  flexor  longus  digitorum  and 
those  of  this  deep  head  of  the  flexor  brevis  digitorum.  The 
number  of  tendons  which  this  muscle  produced  also  vaiied. 

In  the  Gorilla  and  Orang  there  were  only  three,  viz.,  for  the 
2nd,  3id,  and  4th  digits,  that  for  the  4th  digit  of  the  Orang 
being  a  mere  adjunct  to  the  much  larger  portion  which  joined 
it  from  the  tibial  segment  of  the  flexor  longus  digitorum. 

In  the  Chimpanzee  there  were  four  tendons — two  from  each 
head  of  the  muscle.  Those  from  the  superficial  head  were 
distributed  to  the  2nd  and  8rd  digits ;  those  from  the  deep  head 
being  very  slender,  and  distributed  to  the  4th  and  5th  digits. 

In  the  Gibbon,  the  superficial  head  produced  a  single  tendon 
for  the  2nd  digit ;  the  deep  head  produced  three  tendons  for  the 
3rd,  4th,  and  5th  digits,  that  for  the  last-named  digit  being  a 
mere  thread.  As  regards  the  insertions  of  these  tendons,  they 
were  exactly  like  those  of  the  flexor  sublimis  digitorum  in  the 
hand. 

We  may  thus  trace  a  gradual  process  of  development  whereby 
the  number  of  tendons  arising  from  the  calcanear  origin  increases. 
Thus,  in  the  Gibbon  there  was  one  tendon  for  the  2nd  digit ;  in 
the  Chimpanzee  there  were  two  tendons  for  the  2nd  and  3rd 
digits ;  in  the  Orang  there  were  three  tendons  for  the  2nd,  3rd, 
and  4th  digits  (that  for  the  4th  digit  being  very  feeble) ;  in  the 
Gorilla  there  were  three  tendons  for  the  2nd,  3rd,  and  4th  digits. 

Acceasorius, — In  the  Orang  and  Gibbon  this  muscle  was 
entirely  absent,  and  although  found  in  the  Gorilla  and  Chim- 
panzee it  was  very  feebly  developed.  In  both  it  was  atteu^hed 
to  the  06  calcis,  but  quite  on  the  outer  side  of  that  bone  in  the 
Chimpanzee.  In  the  Chimpanzee  it  was  inserted  into  the  outer 
side  of  the  tendon  of  flexor  longus  digitorum  prior  to  its  junction 
with  flexor  longus  hallucis,  while  in  the  Gorilla  it  was  inserted 
close  to  the  point  of  junction  between  these  two  tendons. 

Abductor  Hallucis. — ^There  was  a  considerable  amount  of 
dniilarity  in  this  muscle  throughout  the  series.  In  all  of  the 
animals  its  origin  was  fi:om  the  os  calcis  on  its  under  and  inner 
aspecta  In  the  Orang  this  calcanear  origin  overlapped  the 
origin  of  flexor  brevis  digitorum  so  much  that  it  came  in  contact 
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with  the  abductor  minimi  digiti.  The  general  origin  included 
fibres  from  the  lower  border  of  the  internal  annular  ligament  of 
the  ankle-joint,  in  addition  to  fibres  from  the  side  of  the  foot  as 
far  forward  as  the  scaphoid  bone.  This  latter  origin  became  a 
separate  slip  in  the  Orang,  possessing  a  separate  insertion  into 
the  inner  side  of  the  base  and  proximal  end  of  the  first  meta- 
tarsal bone.  In  every  case  the  insertion  was  into  the  inner  side 
of  the  base  of  the  1st  phalanx  of  the  hallux,  in  intimate  connec- 
tion with  the  inner  head  of  the  flexor  brevis  hallucis.  In  the 
Gibbon  a  prolongation  was  sent  forwards  to  the  base  of  the  1st 
phalanx  of  the  hallux. 

Abductor  Minimi  Digiti, — This  muscle  closely  corresponded 
throughout  the  series  so  far  as  the  origin  was  concerned, 
although  in  the  Orang  a  second  origin  from  the  outer  side  of 
06  calcis  in  iront  of  the  lesser  tuberosity  of  that  bone  requires 
to  be  noted.  With  regard  to  the  insertion,  there  was  some 
variety  due  to  the  splitting  of  the  tendon.  In  all  there  was  an 
attachment  to  the  outer  side  of  the  base  of  the  Ist  phalanx  of 
the  5th  digit ;  but  in  the  Gorilla  and  Chimpanzee  an  additional 
slip  was  attached  to  the  projecting  tubercle  at  the  base  of  the 
5th  metatarsal  bone — abductor  ossis  metatarsi  quintL  Further, 
in  the  Chimpanzee,  Orang,  and  Gibbon  a  slip  was  sent  to  the 
shaft  of  the  1st  phalanx.  Lastly,  in  the  Orang  a  small  slip 
joined  the  common  extensor  expansion  on  the  dorsum  of  the 
5th  digit. 

Flexor  Brevia  HaUucis, — In  discussing  this  muscle,  we  must 
at  the  outset  remember  that  we  are  dealing  with  a  foot  which, 
so  far  as  many  of  its  movements  are  concerned,  performs  the 
functions  of  a  prehensile  or  grasping  organ — that  is,  a  hand.  As 
a  consequence,  the  hallux  is  considerably  separated  from  the 
rest  of  the  digits,  and  we  may  expect  to  find  that  its  intrinsic 
muscles  have  undergone  modifications  which  cause  them  to 
deviate  from  the  appearances  the  corresponding  muscles  present 
in  Man,  and  which  at  the  same  time  produce  a  certain  approxima- 
tion of  their  characters  to  those  which  are  peculiar  to  the  poUex. 
The  flexor  brevis  hallucis  afibrds  an  admirable  example  of  these 
points. 

In  the  first  place,  this  muscle  was  well  marked  throughout 
the  series  of  dissections.    Moreover,  in  every  instance  it  was 
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possessed  of  two  perfectly  distinct  heads  of  origin — an  inner 
and  an  outer.  True,  there  was  a  great  difference  in  the  size  of 
the  two  heads — ^the  inner  being  always  much  larger  than  the 
outer.  Nevertheless  there  was  a  remarkable  similarity  in  the 
main  features  of  each  head  throughout  the  series. 

Taking  the  inner  head  of  the  muscle  first,  in  each  animal  it 
arose  by  a  strong  tendinous  origin  from  the  plantar  aspect  of 
the  ecto-cuneiform,  and  in  addition  from  the  sheath  of  the 
peroneus  longus  tendon  and  the  fibrous  and  ligamentous  struc* 
tares  between  this  and  the  tendon  of  the  tibialis  posticus,  i.e.y 
posterior  to  the  sheath  of  the  peroneus  longus.  Running 
forwards,  it  travelled  along  the  inner  side  of  the  hallux,  and 
was  inserted  into  the  inner  side  of  the  base  of  its  first  phalanx. 
In  the  Gorilla  and  Orang  there  was  an  additional  insertion  into 
the  inner  border  of  the  distal  half  of  the  shaft  of  the  first 
metatarsal  bone.  So  fiGu:,  there  is  unanimity  of  opinion  among 
observers,  and  it  is  in  connection  with  the  presence  or  absence 
of  the  outer  head  of  this  muscle  that  differences  of  opinion 
exist  According  to  Duvernoy  and  Macalister,  the  outer  head  is 
absent  in  the  Gorilla,  while,  according  to  Bischoff,  it  is  present 
in  the  Gorilla,  Chimpanzee,  and  Gibbon.  Buge,  on  the  other 
hand,  believes  that  in  the  Orang  it  is  fused  with  the  oblique 
adductor.  As  I  have  already  stated,  I  believe  that  my  disseo* 
tions  show  it  to  be  present  in  all  of  these  animals.  In  the 
Gorilla  and  Gibbon  it  was  entirely  associated  with  the  shaft  of 
the  first  metatarsal  bone,  but  greatly  reduced  in  size  by  the 
pressure  of  the  proximal  or  oblique  portion  of  the  adductor 
hallucis.  In  the  Chimpanzee  it  was  still  a  small  muscle,  but  it 
had  extended  backward  to  the  plantar  aspect  of  the  ento« 
cuneiform  bone,  and  so  was  crossed  by  the  inner  head  as  it  ran 
to  the  tibial  side  of  the  hallux  (fig.  3). 

Its  most  interesting  condition  was  found  in  the  Orang,  in 
which  it  was  reduced  to  the  size  of  a  small  lumbrical  muscle ; 
but  still  it  arose  from  the  plantar  aspect  of  the  base  of  the  first 
metatarsal  bone.  In  this  animal  it  was  associated  with  a 
distinct  muscular  slip,  which  looked  like  a  third  head  to  the 
flexor  brevis  hallucis;  but  a  careful  examination  showed  that 
this  slip,  although  quite  separate  from  the  adductor  hallucis, 
was  in  reality  a  modified  portion  of  the  same,  because  it  arose 

VOL.  XXVI.  (N.a  VOL.  VI.)  2  A 
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from  the  plantar  aspect  of  the  sheath  of  the  peroneiis  longas,  in 
close  contact  with  the  remainder  of  the  adductor  moscla  The 
Orang,  therefore,  showed  a  stage  in  the  production  of  a  spurious 
inner  head  to  the  flexor  hrevis  hallucis,  and  the  disappearance 
of  the  true  inner  head  of  the  muscle. 

According  to  Cunningham,  there  is  no  trace  of  the  outer  head 
in  the  Lemur,  but  the  oblique  adductor  is  largely  developed. 
I  am  therefore  inclined  to  agree  with  Cunningham  in  regarding 
the  true  outer  head  of  the  flexor  hrevis  hallucis  to  be  one  which 
becomes  gradually  reduced  in  size  until  it  may  altogether  dis- 
appear, rather  than  wi<^  Ruge,  who  looks  upon  the  outer  head 
as  a  derivation  from  the  inner  head  of  the  same  muscle. 

Adductor  UcMuds, — ^All  through  the  present  series  of  dis- 
sections this  muscle  was  the  most  important  fisbctor  in  a  stratum 
of  muscular  tissue  lying  superficial  to  the  interosseous  muscles, 
and  more  or  less  complete  in  every  case.  In  each  animal  there 
was  an  aponeurotic  septum  or  raph6,  which  extended-  firom  the 
tarsus  to  the  digits,  following  the  line  of  the  third  metatarsal 
bone,  and  being  thus  placed  in  a  position  to  supply  muscular 
fibres  towards  the  inner  and  outer  sides  of  the  foot.  The 
muscular  fibres  so  arising  may  be  named  contrahentes,  and  of 
this  group  the  adductor  hallucis  is  the  greatest 

Moreover,  in  the  Gorilla  and  Orang  it  was  the  only  repre- 
sentative left,  a  thin  layer  of  fascia  alone  covering  the  interosseous 
muscles  in  the  two  outer  intermetatarsal  spaces.  In  the  Chim- 
panzee a  slender  slip  of  muscle,  arising  from  the  outer  side  of 
the  raph6  above  mentioned,  ran  downwaixls  to  be  inserted  into 
the  inner  or  tibial  side  of  the  1st  phalanx  of  the  little  toe.  The 
Gibbon,  on  the  other  hand,  had  two  such  slips  arising  from  the 
outer  side  of  the  raph6  already  referred  to, — one  was  inserted 
into  the  inner  side  of  the  1st  phalanx  of  the  4th  digit,  the  other 
into  a  similar  position  with  respect  to  the  5th  digit.  Coming 
now  to  the  great  contrahens,  the  adductor  hallucis,  we  find  that 
in  every  instance  it  arose  from  the  inner  side  of  the  raph6,  com- 
mencing as  far  back  as  the  sheath  of  the  peroneus  longus,  and 
running  forwards  to  the  level  of  the  metatarso-phalangeal  jointa 
With  the  exception  of  the  Gibbon  this  muscle  always  presented 
a  clear  division  into  proximal  and  distal  portions — adductores 
obliquus  et  transversus.    In  none  of  the  animals  did  the  oblique 
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portion  extend  posterior  to  the  sheath  of  the  peroneus  longus ; 
neither^  as  we  have  akeady  seen,  did  that  portion  of  it  which  in 
the  Orang  formed  a  spurious  outer  head  to  the  flexor  brevis 
hallucis.  The  distal  or  transverse  adductor  showed  a  decided 
tendency  to  become  fasciculated  by  reason  of  an  extension  of  its 
sources  of  <Hngin,  and  in  all  the  animals  it  was  noted  that 
additional  slips  arose  from  the  heads  of  the  second  and  third, 
sometimes  also  the  fourth  metatarsal  bones,  close  to  their  arti- 
culation with  the  first  phalangea  The  position  of  this  origin 
was  either  plantar  or  to  the  inner  side  of  the  head  of  the  bone. 
In  the  Gibbon  an  additional  contrahens  muscle  lay  under  cover 
of  the  distal  portion  of  the  adductor  hallucis.  It  sprang  from 
the  inner  side  of  the  aponeurotic  raph^,  and  was  inserted  into 
the  outer  side  of  the  base  of  the  1st  phalanx  of  the  2nd  digit. 

In  all  cases  the  insertion  of  the  adductor  haUucis  was  into 
the  outer  side  of  the  base  of  the  first  phalanx  of  the  hallux  in 
intimate  association  with  the  outer  head  of  the  flexor  brevis 
hallucis,  but,  as  a  rule,  it  extended  beyond  this  on  each  side, 
and  had  attachments  to  the  proximal  end  of  the  shaft  of  the 
1st  phalanx  and  the  distal  portion  of  the  shaft  of  the  1st  meta- 
tarsal bone. 

Flexor  Brevis  Mvaimi  Digiti, — We  may  commence  the  con- 
sideration of  this  muscle  by  accepting  the  view  that  originally 
it  consisted  of  two  heads,  of  which  the  outer  tends  to  become 
more  or  less  modified  into  an  opponens,  while  the  inner  head 
becomes  pressed  into  the  sole  of  the  foot,  and  is  then  looked 
upon  as  the  ''third  plantar  interosseous"  muscle.  This  view  is 
borne  out  by  the  dissections  before  us.  In  every  case  the  inner 
head  had  sunk  into  the  outermost  interosseous  space.  The 
outer  head,  which  represented  the  muscle  in  question,  was  not 
only  difficult  to  separate  from  the  interosseous  muscle  in  the 
QoriUa  and  Chimpanzee,  but  in  the  Gibbon  and  Orang  it  could 
not  be  split  so  as  to  form  a  separate  opponens. 

In  the  Gorilla  and  Chimpanzee  the  portion  which  we  call 
opponens  was  much  better  developed  than  that  which  was 
flexor  brevis  minimi  digitL  Nevertheless,  in  all  these  animals 
this  outer  head  of  the  flexor  brevis  minimi  digiti  was  present 
and  showed  points  of  similarity  in  its  origin  and  insertion 
throughout  the  series,  the  origin  being  from  the  plantar  aspect 
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of  the  5th  metatarsal  bone  and  the  sheath  of  the  peroneas 
longus  in  the  Oorilla,  Chimpanzee,  and  Qibbon,  with  an  addi- 
tional origin  from  the  base  of  the  4th  metatarsal  bone  in  the 
case  of  the  Orang ;  the  insertion  being  always  into  the  outer 
side  of  the  base  of  the  first  phalanx  of  the  little  toe. 

Op2>onen8  Minimi  Digiti, — ^This  muscle  was  not  separable 
from  the  short  flexor  of  the  little  toe  in  the  case  of  the 
Gibbon  and  Orang;  but  in  the  Gorilla  and  Chimpanzee  it 
became  a  more  distinct  muscle  than  the  short  flexor.  It  arose 
in  common  with  the  short  flexor  of  the  little  toe,  and  was 
inserted  into  the  outer  border  of  the  shaft  of  the  5th  metatarsal 
bone  for  a  var3dng  distance. 

Intero8Bei. — In  each  of  the  animals  this  group  of  muscles 
was  represented  by  the  usual  number  found  in  Man,  viz.,  seven. 
These  were  arranged  in  two  sets,  dorsal  and  plantar.  Of  the 
former  there  were  four,  and  of  the  latter  three,  in  each  Ape. 
Throughout  the  series  each  dorsal  interosseous  muscle  arose  by 
two  heads — one  from  each  of  the  metatarsal  bones  between 
which  it  lay —with  the  exception  of  the  first  dorsal  interosseous 
muscle  of  the  Gibbon,  which  only  arose  from  the  inner  side  of 
the  metatarsal  ii. ;  and  the  first  dorsal  interosseous  muscle  of 
the  Orang,  in  which  the  inner  head  of  the  muscle  arose  from 
the  internal  cuneiform  bone  (fig.  6).  Elach  plantar  interosseous 
muscle  arose  from  a  single  metatarsal  bone,  viz.,  that  of  the 
digit  upon  which  it  acted,  with  the  exception  of  the  first  plantar 
interosseous  muscle  of  the  Gorilla,  which  had  a  second  head 
of  origin,  viz.,  from  the  second  metatarsal  bone  (fig.  7).  These 
plantar  muscles  always  projected  markedly  into  the  sole  of  the 
foot,  so  much  so  that  in  the  Gibbon  the  plantar  interosseous 
muscle  in  the  outermost  interosseous  space  was  practically  on 
the  same  plane  as  the  flexor  brevis  minimi  digiti. 

The  dorsal  interosseous  muscles  were  abductors  from  a  basal 
line;  the  plantar  interossei  were  adductors  to  the  same  basal 
line. 

In  the  Gorilla  and  Chimpanzee  this  basal  line  was  one  drawn 
from  the  tarsus  to  the  phalanges  of  the  index  digit  bisecting 
the  second  metatarsal  bone.  In  this  respect  my  dissection  of 
the  foot  of  the  Chimpanzee  differed  from  that  of  Champneys,^ 

^  Loc,  cU, 
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in  whose  Chimpanzee  the  middle  digit  gave  this  basal  line. 
My  observation  agrees  with  that  of  Bischo£f,^  while  it  differs 
from  that  of  Davemoy  and  Macalister  in  respect  to  the  Gorilla. 
Cunningham'  states  that  ^'in  all  the  Quadmmana  with  two 
exceptions  (Gk)rilla  and  Lemur),  the  dorsal  interossei  are  inserted 
so  as  to  abduct  the  toes  from  a  line  drawn  through  the  medius, 
as  in  the  case  of  the  human  hand." 

We  must  now  include  the  Chimpanzee  among  these  excep- 
tions, for  it  is  evident  that  the  disposition  of  its  dorsal  interossei 
is  subject  to  variation.  In  the  Orang  and  Gibbon,  the  dorsal 
interossei  adhere  to  the  rule  which  prevails  among  Quadrumana^ 
ie.,  they  abduct  the  toes  from  a  line  drawn  through  the  medius 
digit,  and  in  this  respect  their  hands  and  feet  resemble  each 
other,  and  correspond  with  the  hand  of  Man.  Again,  in  the 
CSiimpanzee  and  Gorilla,  the  dorsal  interossei  are  arranged  as 
in  the  foot  of  Man. 

If  now  we  turn  for  a  moment  to  the  habits  of  these  animals 
as  affording  a  probable  explanation  of  this  change  in  the  middle 
or  basil  line  of  the  foot,  we  shall  find 'that  the  Gorilla  and 
Chimpanzee  are  not  only  less  arboreal  in  their  habits  than  the 
Orang  and  Gibbon,  but  when  on  the  ground  they  can  apply 
a  considerable  portion  of  the  sole  of  the  foot  to  the  ground, 
whereas  the  Orang  and  Gibbon  merely  rest  on  the  outer  border 
of  the  foot  It  would  appear,  therefore,  that  so  long  as  the  foot 
remained  distinctly  a  grasping  organ,  the  arrangement  of  its 
basil  line  for  abduction  and  adduction  harmonised  with  that 
of  the  hand,  but  when  the  sole  of  the  foot  becomes  more  and 
more  applied  to  the  ground,  and  the  organ  is  thus  utilised  for 
support  and  progression,  its  basal  line  moves  inwards  so  as  to 
become  associated  with  the  second  digit,  at  which  the  freedom 
of  movement  is  maintained  after  the  third  digit  has  become 
applied  more  directly  to  the  ground.  Notwithstanding  this 
difference  of  position  as  regards  the  basal  line  of  the  foot,  in  all 
of  these  Atiinfu^la  the  medius  digit  is  the  longest. 

The  foot  of  the  Gorilla  presents  a  most  interesting  condition 
in  regard  to  its  dorsal  interosseous  muscles,  for  in  them  we  may 

^  "  Beitiiige  zar  Anatomte  des  Gorilla,"  Aw  den  Abhcmdlungen  der  K,  bay$r 
Ahadetnie  der  fFiee,,  ii.,  BcL  clxiii.,  Abth.  liL 
'  Loe.  eit. 
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see  the  transition  stage  whereby  the  basal  line  for  the  move- 
ments of  abduction  and  adduction  is  transferred  from  the  medius 
to  the  index  digit  (fig.  7).  The  two  muscles  which  occupy 
the  second  intermetatarsal  space,  viz.,  dorsal  interosseous  iL 
and  plantar  interosseous  i,  have  each  two  heads  of  origin. 
Now,  if  dorsal  interosseous  ii  were  to  lose  its  origin  from 
metatarsal  iiL,  then  the  basal  line  would  be  the  medius  digit; 
whereas  if  plantar  interosseous  i  were  to  lose  its  origin  from 
metatarsal  ii  then  the  basal  line  would  be  the  index  digit. 
I  examined  this  point  very  carefully  in  both  feet  of  the  Qorilla. 
In  the  right  foot  the  condition  was  as  depicted  in  fig.  7,  but 
in  the  left  foot  of  the  same  animal,  plantar  interosseous  i.  had 
a  very  much  smaller  attachment  to  the  second  metatarsal  bone. 
Indeed  it  had  almost  arrived  at  the  condition  depicted  in 
fig.  8,  which  represents  the  foot  of  the  Chimpanzee.  In  it 
the  first  plantar  interosseous  muscle  had  no  attachment  to 
the  second  metatarsal  bone ;  or,  in  other  words,  the  basal  line 
bad  become  transferred  £rom  the  medius  to  the  index  digit 
I  believe  that  it  is  owing  to  variable  conditions  of  the  two 
muficles  in  the  second  intermetatarsal  space  of  the  Qorilla'd 
foot  that  different  observers  have  made  conflicting  statements 
regarding  the  basal  line  of  the  foot,  some  placing  it  at  the 
medius  digit  and  others  at  the  index  digit.  By  comparing  the 
feet  of  the  Qorilla  with  each  other  and  with  the  foot  of  the 
Chimpanzee,  I  feel  that  I  am  fully  justified  in  placing  the 
basal  line  of  the  Gorilla's  foot  at  the  index  digit 

The  Nerves  op  the  Inferior  Extremity. 

Lwmha/r  Plexus, — Throughout  these  dissections  the  mode  of 
formation  of  this  plexus  was  similar  to  that  found  in  Man,  and  it 
consisted  merely  of  a  series  of  loops.  Not  having  been  able  to 
examine  this  plexus  in  the  Gibbon^  I  find  on  referring  to 
Eohlbriigge  ^  that  it  preustically  assumes  the  same  form  in  this 
animal  There  is,  however,  one  notable  difference  in  that  no 
loop  of  connection  is  represented  between  the  first  and  second 
lumbar  nerves  of  the  Gibbon.  While  the  geneitd  form  of  the 
plexus  and  the  number  of  nerves  entering  into  its  composi- 

»  Loe,  cit. 
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tion  were  closely  alike  in  all  the  animals,  still  there  were 
marked  differences  in  the  mode  of  origin  of  the  various 
branches  of  distribution.  This  was  evidently  due  to  the  fact 
that  while  the  Gorilla  and  Gibbon  possess  five  lumbar  nerves/ 
the  Chimpanzee  and  Orang  have  only  four  lumbar  nerves.  As 
a  oonsequence,  the  nerves  arising  firom  the  plexus  were  very . 
similar  in  the  two  sets  of  animals,  as  will  readily  be  seen  from 
the  accompanying  table : — 


Dio^mgoiiial,  .     . 

GorillA. 

Gibbon. 

CbiiDpensee. 

Omng. 

1 

1 

1 

Genito-crand, 

h  2 

2 

1 

1 

Ext  cutaneous,  . 

2,  S 

2,  8 

2,8 

1.  2 

.  Antorior  crural,  . 

2,  8,4 

2r  8,4 

1,  2,  3 

1,  2,  8 

Obturator,      .    . 

2,  8,  4 

S,  4 

2,  8,  4 

1.  2 

Lumbo-sacral  cord. 

4,  5 

4,  5 

4 

8,  4 

The  psoas  parvus  muscle  received  its  nerve-supply  aa 
follows : — ^In  the  Orang,  from  the  loop  between  D.  12  and  L.  1 ;. 
in  the  Chimpanzee,  fr^m  D.  13 ;  in  the  Gorilla>  fit>m  the  loop, 
between  L.  1  and  2.  The  psoas  magnus^  on  the  other  hand,  as  a 
rule,  received  several  branches  from  the  upper  two  or  three 
lumbar  nerves,  and  also  from  the  anterior  crural  nerve  in  the 
case  of  the  Chimpanzee, 

Oenito  Crwral  Nerve. — ^This  nerve  arose  high  in  the  plexus 
and  came  forward  through  the  substance  of  the  psoas  magnus 
and  then  descended  on  the  surface  of  the  psoas  parvus  to  follow 
its  customary  distribution  as  a  cutaneous  nerve  to  the  genital 
organs  and  upper  part  of  the  front  of  the  thigk 

Eoctemal  Cutarieous  Nerve, — In  all  the  animals^  with  one 
exception,  this  nerve  arose  from  L.  2  and  3>  In  the  Orang,  it 
sprang  from  L.  1  and  2.  It  pursued  the  usual  course  across  the 
surface  of  the  iliacus  muscle  and  entered  the  thigh  dose  to  the 
inner  side  of  the  anterior  superior  spine  of  the  ilium,  and  under 
cover  of  Poupart's  ligament.  In  the  thigh  it  was  distributed  aa 
a  cutaneous  nerve  on  its  anterior  and  outer  aspects. 
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Anterior  Crv/ral  Nerve. — In  each  animal  this  nerve  aroee 
by  three  roots.  In  the  Gorilla  and  Gibbon  these  were  L.  2, 3, 4 ; 
in  the  Chimpanzee  and  Orang,  L.  1,  2, 3.  Bunning  downwards, 
it  passed  behind  psoas  magnus  and  on  the  surface  of  iliacus,  to 
both  of  which  it  supplied  branches.  On  entering  the  thigh  it 
at  once  broke  up  into  muscular  and  cutaneous  branches.  The 
former  supplied  the  pectineus,^  sartorius  and  the  component 
muscles  of  the  quadriceps  extensor  cruris :  the  latter  are  three 
important  nerves,  viz.,  middle  cutaneous,  internal  cutaneous, 
and  long  saphenous  nerves.  The  extent  of  the  distribution  of 
these  cutaneous  nerves  varied.  The  middle  cutaneous  nerve 
ended  in  the  region  anterior  to  the  knee-joint,  the  infcemal 
cutaneous  reached  the  inner  side  of  the  leg,  and  the  long 
saphenous  in  every  case  extended  to  the  inner  side  of  the  foot 
and  great  toe.  Moreover,  in  the  Chimpanzee  it  supplied  a  twig  to 
the  lower  half  of  the  sartorius  muscle.  In  its  main  points,  there- 
fore, this  nerve  closely  adhered  to  the  arrangement  found  in  Man. 

Obtv/rator  Nerve, — ^This  nerve  presented  some  variation  in 
the  number  and  position  of  its  roots.  In  the  Orang  it  com- 
menced as  high  as  the  first  lumbar  nerve,  but  in  no  case  did  it 
extend  lower  than  the  fourth  lumbar  nerve,  the  usual  origin 
being  L.  2,  3,  4.  It  emerged  from  the  pelvis  in  the  usual  way, 
and  provided  branches  for  all  the  members  of  the  adductor 
group  of  muscles.  In  no  case  could  a  branch  be  traced  to  the 
pectineus  muscle.  In  the  Gibbon  it  seemed  to  entirely  expend 
itself  in  the  supply  of  muscular  branches,  for  no  cutaneous  twig 
could  be  seen.  In  the  Chimpanzee  it  supplied  all  the  adductor 
magnus  except  that  special  ischial  head  to  which  attention  has 
been  specially  directed.  In  this  animal,  moreover,  the  nerve 
was  carried  into  immediate  proximity  to  the  knee-joint  pos- 
teriorly by  the  expanded  insertion  of  the  adductor  magnus 
muscle.  We  can  therefore  readily  understand  how  this 
terminal  twig  of  the  nerve  would  remain  anchored  to  the 
fibrous  ligamentous  structures,  and  so  maintain  its  position 
long  after  the  muscular  fibres  which  carried  it  to  that  region 
had  atrophied  and  disappeared.    In  none  of  the  dissections  could 

^  Before  the  Chimpanzee  and  Orang  reached  me,  an  examination  of  their  hip- 
joints  had  been  made.  Many  structareB  emerging  from  beneath  Poupart's  ligament 
had  been  severed,  and.in  oonaequenoe  the  nerve  to  the  pectineus  was  not  seen. 
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this  nerve  be  said  to  end  in  the  synovial  membrane  by  piercing 
the  posterior  ligament  of  the  knee-joint. 

8€U>ral  Plexus, — In  its  formation  the  loop-like  arrangement 
again  prevailed.  Only  the  first  two  sacral  nerves  were  directly 
associated  with  the  nerve-supply  of  the  lower  limb ;  and  in  ful- 
filling this  function  they  were  joined  by  the  lumbo-sacral  cord, 
the  composition  of  which  we  have  already  seen. 

Stiperiar  Gluteal  Nerve. — Only  in  the  Gibbon  does  this 
nerve  arise  from  the  lumbo-sacral  cord  (vide  Kohlbrligge's 
figure).  In  the  other  three  animals  it  arose  by  two  roots,  one 
of  which  is  firom  the  lumbo-sacral  cord,  the  other  from  the 
first  sacral  nerve.  On  emerging  from  the  pelvis  it  crossed  the 
buttock,  giving  twigs  to  the  usual  muscles  associated  with  it, 
and  supplying  the  scansoriu&  ' 

ITie  Nerve  to  Pyriformis  had  also  two  roots  in  the  Qorilla 
and  Orang,  in  which  it  sprang  from  the  lumbo-sacral  cord  and 
S.  1.    In  the  Chimpanzee  it  arose  from  S.  2. 

Hie  Nerve  to  Obturator  Intemus  had  its  usual  origin  from 
the  first  and  second  sacral  nerves.  It  pursued  its  usual  course, 
and  in  each  case  provided  the  twig  for  the  gemellus  superior. 

The  Nerve  to  QnxxdratuB  Fewx/ris  had  its  usual  origin,  course, 
and  distribution  as  found  in  Man,  except  in  the  Orang,  in  which 
it  descended  superficial  to  the  obturator  intemus  and  both 
gemelli,  and  ended  in  the  muscle  of  its  own  name  close  to  the 
ischial  tuberosity.  The  twig  for  the  inferior  gemellus  pursued 
an  independent  course  beneath  the  obturator  intemus  and 
superior  gemellus  to  reach  the  under  surfiu^e  of  its  muscle,  and 
it  arose  direct  from  the  sacral  plexus  (S.  1  and  S.  2). 

Inferior  OUUeal  Nerve  for  the  lower  part  of  the  gluteus 
maximus  was  present  in  each  case,  but  in  the  Chimpanzee  it 
sprang  from  an  interlacing  network  of  nerve-fibres,  which  also 
gave  origin  to  the  small  sciatic  and  the  trunk  which  supplied 
the  hamstring  muscles. 

SrruxU  Sda/tic  Nerve. — ^Throughout  the  series  this  was  entirely 
a  cutaneous  nerve.  It  took  origin  fix>m  the  upper  part  of  the 
sacnU  plexus  by  roots  which  sometimes,  as  in  the  case  of  the 
Chimpanzee,  travelled  some  distance  before  they  united  Its 
course  lay  downwards,  subjacent  to  the  lower  part  of  the  gluteus 
maximus  muscle,  at  the  lower  border  of  which  it  entered  the 
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thigh.  When  the  gluteus  mazimus  presented  a  hiatus  between 
its  sacral  and  ischial  heads,  as  in  the  Orang,  cutaneous  branches 
of  this  nerve  easily  reached  the  skin  of  the  buttock ;  and  when 
this  hiatus  became  lost,  as  in  Man,  their  original  course  may 
explain  the  fact  that  these  twigs  are  found  piercing  the  lower 
fibres  of  the  gluteus  maximus.  Leaving  the  buttock,  the  nerve 
travelled  along  the  back  of  the  thigh  and  the  roof  of  the 
popliteal  space,  and  terminated  in  relation  to  the  skin  of  the 
upper  part  of  the  calf  of  the  leg.  Its  principal  named  branch 
was  the  inferior  pudendal  nerve,  which  turned  inwards  imme- 
diately below  the  ischial  tuberosity,  and  was  distributed  to  the 
akin  of  the  perineum. 

Oreat  Sciatic  Nerve. — ^This  was  the  principal  terminal  branch 
of  the  sacral  plexus.  It  had  the  usual  course  found  in  Man, 
and  at  a  variable  distance  from  the  knee-joint  it  divided  into 
external  and  internal  popliteal  nerves.  This  bifurcation  could 
easily  be  carried  to  a  higher  level,  and  a  "high  bifurcation'' 
produced  more  or  less  art^cially.  If  this  be  done,  then  we  find 
that  the  external  popliteal  nerve  springs  from  the  lumbo-sacral 
cord,  while  the  internal  popliteal  nerve  is  especially  associated 
with  the  first  and  second  sacral  nerves.  As  a  rule,  the  branches 
for  the  hamstring  muscles  arose  firom  this  nerve,  either  by  a 
common  trunk  or  as  separate  branches ;  but  in  the  Chimpanzee 
these  muscular  twigs  were  found  arisiiig  singly  and  independ- 
entlyfrom  the  sacral  plexus.  The  muscles  supplied  in  this  way 
were  the  hamstrings,  properly  so  called.  In  the  Orang  the  twig 
for  the  femoral  or  short  head  of  the  biceps  sprang  from  the 
external  popliteal  nerve.  In  addition  to  these  branches,  it  is  of 
great  importance  to  note  that  it  is  the  ischial  or  superficial 
head  of  the  adductor  magnus  which  received  a  branch  from  the 
great  sciatic  nerve.  At  first  sight  it  would  appear  as  if  such  a 
muscle  as  the  adductor  magnus  of  Man,  possessing  a  doable 
nerve-supply,  really  consisted  of  two  separate  muscles  which 
had  amalgamated;  and  the  condition  of  this  muscle  in  the 
Chimpanzee,  where  it  actually  consists  of  two  distinct  parts, 
might  be  taken  as  affording  undoubted  proof  of  this  assump- 
tion.   Dr  Hans  Oadow,^  reasoning  from  the  frequence  of  muscles 

^  Gadow,  "  Beitriige  2ar  Hyologie  der  bintern  EztremitJit  der  Beptilien," 
Horph,  Jakr,^  1881. 
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with  a  double  nerre-sapply  in  lower  animals,  and  their  scarcity 
in  mammals,  concludes  that  double-nerve  muscles  show  the 
ariginal  condition,  and  single  nerve-muscles  a  subsequent 
development  into  their  separate  factors.  Assuming  this  inter- 
pretation to  be  correct,  it  is  certainly  somewhat  remarkable  that 
in  Man  the  brachialis  anticus,  pectineus,  and  adductor  magnus 
muscles  should  so  often  be  found  in  the  state  of  double-nerve 
muscles,  whereas  in  the  Chimpanzee  neither  of  these  muscles 
presents  the  characteristic  human  condition,  while  in  the  Qibbon, 
Orang,  and  Qorilla  only  the  adductor  magnus  should  have  two 
nerves.  Surely,  if  Oadow's  explanation  be  the  correct  one,  we 
should  expect  to  find  extra  muscles  in  the  vicinity  of  the 
brachialis  anticus  and  pectineus  muscles  of  all  the  Anthropoids, 
and  yet  no  such  muscles  are  present  It  seems  to  me,  there- 
fore, that,  in  consequence  of  their  adaptability,  each  of  the  three 
muscles  above  referred  to  becomes  amalgamated  with  a  portion 
of  muscle  already  existing  in  its  immediate  vicinity,  and  that 
this  supplementary  portion  of  muscle  brings  its  original  nerve 
with  it,  so  as  to  produce  the  double-nerve  appearance* 

External  Popliteal  Nerve. — ^This  was  one  of  the  main  con- 
tinuations of  the  great  sciatic  nerve  from  which  it  arose,  unless 
by  splitting  this  large  nerve  we  carried  the  point  of  origin  back 
to  the  lumbo-sacral  cord.  It  had  a  similar  course  in  all  the 
animals,  and  ended  in  the  substance  of  the  peroneus  longus  by 
dividing  into  anterior  tibial  and  musculo-cutaneous  nerves.  Its 
branches  were  fairly  constant,  and  consisted  of  a  few  articular 
twigs  to  the  knee-joint,  and  cutaneous  branches  to  the  back 
of  the  leg  on  its  outer  side.  No  communications  were  found 
between  these  cutaneous  branches  and  the  short  saphenous 
nerve.  In  the  Chimpanzee  and  Orang,  the  nerve  for  the  short 
head  of  the  biceps  cruris  arose  from  the  external  popliteal  trunk. 

AifUerior  Tibial  Nerve. — As  already  mentioned,  this  was  a 
terminal  branch  of  the  external  popliteal  nerve.  In  all  the 
animals  it  had  a  similar  course  and  distribution  so  far  as  the 
extensor  muscles  were  concerned,  and  so  far  it  corresponded 
with  the  arrangement  found  in  Man,  but  there  were  points  of 
difference  in  connection  with  its  digital  cutaneous  branches. 
Thus,  in  the  Orang  it  never  reached  the  digits ;  in  the  Qorilla, 
it  supplied  cutaneous  branches  to  contiguous  sides  of  the  index 
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and  roedius  digits ;  while  in  the  Chimpanzee  it  supplied  con* 
tiguous  sides  of  the  hallux  and  index,  and  index  and  mediua 

The  foot  of  the  Gibbon  had  been  dissected  before  it  reached 
me,  and  hence  I  was  not  able  to  examine  the  cutaneous  nerves. 

MuacvZo'Cibtaneotia  Nerve, — As  in  Man,  this  was  a  mixed 
nerve,  destined  for  the  supply  of  muscles  and  skin.  It  arose  at 
the  termination  of  the  external  popliteal  nerve,  and  was  asso- 
ciated with  the  two  peronei  muscles  which  it  supplied.  There- 
after, becoming  a  cutaneous  nerve,  it  was  distributed  to  the 
dorsum  of  the  foot  and  digits,  where  it  provided  a  varying  number 
of  branches.  In  no  case  did  it  supply  the  outer  or  inner  borders 
of  the  foot,  the  inner  border  of  the  hallux  or  the  outer  border 
of  the  little  toe.  In  the  Orang  and  Gorilla  it  supplied  all  the 
dorsum  of  the  foot  and  digits  except  the  parts  just  enumerated, 
so  that,  in  the  Gorilla,  the  interval  between  index  and  medius 
received  a  double  nerve-supply.  In  the  Chimpanzee  it  supplied 
the  contiguous  sides  of  medius  aud  annularis  and  of  annularis 
and  quintus :  a  similar  arrangement  of  cutaneous  branches  was 
found  in  the  Gibbon,  but,  for  the  reason  already  referred  to,  I 
am  not  in  a  position  to  make  a  precise  statement. 

Internal  Popliteal  Nerve. — This  was  in  every  case  a  larger 
nerve  than  the  external  popliteal.  It  was  either  a  direct 
termination  of  the  great  sciatic  nerve,  or  it  might  be  traced 
back  to  its  origin  from  the  first  and  second  sacral  nerves,  with 
an  addition  from  the  lumbo-sacral  cord.  In  its  course  and 
distribution  there  was  a  close  similarity  throughout  the  series 
of  animals  and  with  the  corresponding  nerve  of  Man.  It  sup- 
plied  both  heads  of  the  gastrocnemius,  the  soleus,  and  popliteus — 
(the  plantaris  muscle  being  absent) — and  it  gave  off  a  cutaneous 
branch,  the  short  or  external  saphenous  nerve,  which  did  not 
communicate  with  the  external  popliteal  nerve.  The  distribu- 
tion  of  this  cutaneous  branch  was  along  the  outer  side  of  the 
foot  and  little  toe,  where,  in  the  Orang,  it  formed  a  communica« 
tion  with  the  musculo-cutaneous  nerve. 

Posterior  Tibial  Nerve. — ^This  was  the  direct  continuation 
of  the  preceding  nerve,  the  change  of  name  occurring  at  the 
lower  border  of  the  popliteus  muscle.  Its  course  was  similar  to 
that  of  the  corresponding  nerve  of  Man,  and  it  terminated  close 
to  the  internal  annular  ligament  of  the  ankle-joint,  where  it 
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divided  into  internal  and  external  plantar  branches.  In  its 
course  it  supplied  the  three  deep  flexors  on  the  back  of  the  leg, 
but  it  gave  no  branch  to  the  soleus,  as  is  usually  the  case  in 
Man.    It  gave  a  cutaneous  branch  to  the  skin  over  the  heel. 

IntenKd  Planta/r  Nerve, — This  nerve  commenced  as  already 
indicated,  and  ran  forwards  in  the  sole  of  the  foot  towards  its 
inner  side,  supplying  certain  cutaneous  and  muscular  branches. 

In  the  Gorilla,  Chimpanzee,  and  Orang,  it  provided  digital 
branches  for  three  and  a  half  digits,  counting  from  the  inner 
side  of  the  foot  In  the  Gibbon  it  seemed  to  supply  contiguous 
sides  of  the  index  and  medius  and  of  the  index  and  hallux. 

The  muscular  branches  supplied  by  this  neive  were  some- 
what variable.  In  all  the  animals  the  abductor  hallucis,  flexor 
breviB  digitorum,  and  both  heads  of  the  flexor  brevis  hallucis 
were  innervated  from  this  sourca  In  the  Gorilla  it  supplied 
the  innermost  lumbrical  muscle,  in  the  Orang  and  Gibbon  the 
two  inner  lumbricales,  and  in  the  Chimpanzee  the  three  inner 
lumbricales.  Finally,  in  the  Chimpanzee  it  likewise  sent  twigs 
to  the  adductor  obliquus  hallucis,  a  muscle  which,  in  the  same 
animal,  also  received  branches  from  the  deep  division  of  the  ex- 
ternal plantar  nerve. 

External  Plantar  Nerve, — This  was  the  remaining  terminal 
branch  of  the  posterior  tibial  nerve.  It  crossed  outwards  in  the 
sole  of  the  foot  as  in  Man,  and  supplied  all  the  remaining 
cutaneous  and  muscular  branches  which  were  required  to  com- 
plete the  innervation  of  the  sole  of  the  foot.  From  its  main 
trunk  it  supplied  the  abductor  minimi  digiti  and  the  accessorius 
when  the  latter  was  present.  Its  superficial  division  completed 
the  cutaneous  supply  of  the  digits,  i,e.,  the  outer  one  and  a 
half  digits  of  the  Gorilla,  Chimpanzee,  and  Orang,  and  the 
contiguous  sides  of  the  medius  and  annularis,  and  of  the 
annularis  and  quintus  of  the  Gibbon.  From  the  superficial 
division  there  also  sprang  muscular  branches  for  the  flexor 
brevis  minimi  digiti,  opponens  minimi  digiti,  and  the  muscles 
in  the  outermost  interosseous  space.  The  deep  division  of  the 
nerve  turned  inwards  across  the  sole  of  the  foot  subjacent  to 
the  adductor  stratum  of  muscle,  and  sent  twigs  to  the  whole 
of  this  stratum,  the  remaining  interossei  and  the  remaining 
lumbrical  muscles.    In  the  Chimpanzee,  as  already  noted,  the 
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adductor  obliquus  hallucis  also  received  bmncfaes  from  the  in- 
ternal plantar  nerve. 

From  these  descriptions  and  comparisons,  I  think  that  intel- 
ligent explanations  have  been  adduced  for  many  of  the  apparent 
anomalies  of  the  nervensupply  of  the  muscles  in  the  extremities 
of  Man ;  and  while  being  quite  convinced  of  the  importance  of 
regarding  the  nerve-supply  of  a  muscle  in  the  light  of  a  key  to 
its  probable  homology,  still  I  think  that  we  have  a  sound  founda- 
tion for  believing  that  this  relationship  is  not  absolute,  but  may 
be  subject  to  variation.  As  an  illustration  of  this  variation,  I 
may  again  refer  to  the  pronator  quadratus  of  the  Gibbon,  in 
which  my  dissection  showed  a  nerve-supply  from  the  posterior 
interosseous  nerve ;  for,  in  spite  of  this  somewhat  erratic  source 
of  nerve-supply,  there  can  be  no  doubt  that  the  muscle  was  the 
pronator  quadratus.  On  the  other  hand,  I  beh'eve  that  the 
hypothesis  of  Oegenbaur  and  Buge  is  well  supported  by  many 
of  the  facts  detailed  in  the  foregoing  pages.  Again,  firom  my 
dissections,  it  seems  to  me  to  be  &r  more  probable  that  such  a 
muscle  as  the  brachialis  anticus  of  Man  derives  its  double 
nerve-supply  by  reason  of  the  amalgamation  of  muscular  fibres 
originally  associated  with  two  distinct  sources  of  nerve-supply, 
rather  than  that  it  shows  a  condition  in  which  the  muscle  has 
not  yet  split  into  its  two  ultimate  factors;  for  even  in  the 
Gibbon,  in  which  there  is  a  considerable  amount  of  fusion 
among  the  muscles  of  the  upper  arm,  there  is  no  double  nerve- 
supply  to  the  brachialis  anticus. 


EXPLANATION  OF  PLATE  IX. 

Fig.  1.  Plantar  aspect  of  the  foot  of  the  Qibbon.  Fig.  2.  The  same  of  the 
Oran^.  Fig.  3.  The  same  of  the  Chimpanzee.  Fig  4.  The  same  of  the 
Qorilla. 

Ah.  H.y  Abductor  Hallacis.     F.  6.  h,  (i.),  J^iexor  brevis  hallucis  (inner 

head).     F,  b,  h,  (o.\  Flexor  brevis  hallucis  (outer  head).     F.  L  A., 

Flexor  lon$^s  nallucis.    Ad,  H.  o&.,  Adductor  hallucis  obliquuR. 

Ad,  H,  tr.,  Adductor  hallucis  transversus.    F.  B.  dig,.  Flexor  brevis 

digitorum-    Ab.  m.  d.,  Abductor  minimi  digit!.    F,h,m,d,^  Flexor 

brevis  minimi  digiti.    P.  L.,  Tendon  of  peroneus  longus.    C,  Con- 

trahens. 

Fig.  5.  Dorsal  interosseous  muscles  of  the  foot  of  the  Qibbon.    Fig.  6. 

The  same  of  the  Orang.    Fig.  7.  The  same  of  the  GJorilla.     Fig.  8.  The 

same  of  the  Chinipanzee. 

d\  d*,  d^,  d\  First,  second,  third,  and  fourth  dorsal  interosseous  muscles. 
p^  in  fig.  7,  First  plantar  interosseous  muscle. 


THE  CEREBRAL  HEMISPHERES  OF  OBNITHOBTN- 
GHUS  PARADOXUS.  By  Professor  Sir  Wiixiam 
Turner,  M.B.,  D.CIl,  LL.D.,  F.R.S. 

(Commiinicated  to  the  Anatomioal  Society,  Feb.  20,  1892.) 

At  the  time  when  I  was  engaged  in  the  preparation  of  my  address 
(XI  the  "  Convolutions  of  the  Brain/'  for  the  Anatomical  Section 
of  the  International  Medical  Congress  in  Berlin,^  I  had  not  a 
satisfactory  specimen  of  the  brain  of  Omithorynchua  The  two 
examples  then  in  my  possession  had  been  removed  from  crania 
in  which  they  had  been  imperfectly  preserved.  I  was  unable, 
therefore,  to  give  a  figure  of  the  hemispheres,  or  to  state  more 
in  the  way  of  description  than  that  each  hemisphere  had  two 
fundamental  limiting-fissures,  a  rhinal  anci^a  hippocampal,  which 
formed  the  limits  of  the  rhinencephalon,  and  that,  in  the  con- 
cavity of  the  hippocampal  fissure,  a  gyrus  dentatus  was 
situated ;  also  that  the  surface  of  the  pallium  was  apparently 
without  fissures,  though  indented  with  shallow  vascular  furrows. 
On  inquiry  at  the  Museum  of  the  Royal  College  of  Surgeons  of 
England,  and  at  the  Museum  of  the  University  of  Oxford,  I 
found  that  neither  of  these  important  collections  contained  a 
specimen. 

Meckel  had  given  figures  of  the  brain  in  his  well-known 
treatise,  OmitharyTichi  Pa/radoxi  Descriptio  Anatomica,^  and 
Owen  had  also  published  figures,^  two  of  which  were  apparently 
reproductions  of  the  corresponding  figures  in  Meckel's  treatise. 
But  as  the  cranial  surface  of  the  hemispheres  had  been  repre- 
sented by  these  anatomists  with  the  pia  mater  and  its  blood- 
vessels still  enveloping  it,  I  was  unable  to  make  a  proper  com- 
parison of  the  brain  of  Omithorjmchus  with  that  of  Echidna.  I 
applied,  therefore,  to  my  friend  Professor  Anderson  Stuart,  of 
the  University  of  Sydney,  and  asked  him  to  obtain  for  me,  if 

^  This  address  was  published  in  the  Jour,  qf  Anal,  and  Phya,,  October  1890, 
ToL  XXV.  f  and  in  the  VerhaTuU.  des  Intenu  Med.  CongrtsSf  Band  ii.,  specieUer 
Theil,  p.  8,  1891. 

*  Leipsic,  1826,  Tabula  viL 

■  Anatomy  of  Vertebrates,  vol.  3,  pp.  84,  101. 
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possible,  a  properly  preserved  brain  of  this  animal.  With  his 
customary  courtesy  he  complied  with  my  request,  and  presented 
to  me  in  November  last  a  brain  preserved  in  spirit. 

The  brain  was  covered  by  the  pia  mater,  and  the  ramifications 
of  the  veins,  filled  with  coagulated  blood,  in  the  membrane 
covering  the  surface  of  the  hemispheres,  were  observed  to  pre- 
sent an  appearance  not  unlike  Meckel's  figures.  When  the 
pia  mater  was  stripped  off,  the  cortex  was  seen  to  be  indented 
by  lines  running  from  before  backwards  along  the  course  of 
the  principal  vessels,  but  the  indentations  did  not  amount  to 
fissures. 

The  hemisphere  consisted  of  both  rhinencephalon  and  pallium. 
The  rhinencephalon  was  for  the  most  part  situated,  as  Meckel 
figures  it,  on  the  under  surface  of  the  hemisphere,  and  the 
demarcation  between  it  and  the  pallium  was  shown  by  a  dis- 
tinct ectorhinal  fissure  on  its  outer  border  and  an  endorhinal 
fissure  on  its  inner  border,  the  latter  of  which  separated  it  bom 
the  area  termed  the  quadrilateral  space.  The  bulb  of  the 
rhinencephalon  projected  for  only  a  short  distance  in  front  of 
the  pallium ;  it  measured  3  mm.  in  antero-posterior,  2  mm.  in 
breadth,  and  5  mm.  in  vertical  diameter.  The  cms  or  peduncle 
was  a  narrow  band  about  1  mm.  in  transverse  diameter  at  its 
widest  part  It  could  only  be  seen  on  the  under  sur&ce  of  the 
hemisphere,  and  when  the  cerebellum  was  removed  it  could  be 
traced  backwards  into  the  lobus  hippocampi,  with  which  it  was 
continuous.  The  vallecula  or  Sylvian  fossa  was  so  faintly  marked 
that  the  plane  of  separation  between  the  cms  and  the  lobus  was 
scarcely  defined.  The  lobus  elongated  from  before  backwards 
had  a  breadth  of  2  mm.,  and  was  differentiated  on  its  outer  and 
posterior  aspect  by  the  ectorhinal  fissure,  and  on  its  inner  and 
anterior  aspect  by  the  fissura  hippocampi.  The  part  of  the 
cerebral  cortex  into  which  the  lobus  was  continued  superiorly, 
and  which  was  bounded  by  the  same  fissures  as  the  lobus,  may 
be  regarded  as  representing  the  gyrus  hippocampi  in  the  higher 
brains. 

In  their  general  form  the  hemispheres  were  ovoid  when  seen 
from  the  vertex,  with  the  narrow  end  forwards.  They  diverged 
somewhat  from  each  other  posteriorly,  and  the  middle  of  the 
tentorial  surface  of  the  cerebellum,  which  was  elevated  into  a 
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lidge,  filled  up  tiie  interval  between  thenii  whilst  laterally  the 
lame  BurfSEice  of  the  cerebellum  was  in  close  relation  to  the  under 
surfiioe  of  the  binder  part  of  the  cerebrum.  No  portion  of 
the  optic  lobes  was  visible  so  long  as  the  hemispheres  were 
undisturbed.  The  cranial  surface  of  the  pallium  was  smooth, 
though  with  the  Tascular  indentations  above  referred  to.  In 
addition,  a  linear  mark,  not  amounting  to  a  fissure,  started 
from  near  the  middle  of  the  ectorhinal  fissure,  and  passed 
obliquely  upwards  and  backwards  on  the  cranial  surface  of  the 
pallium.  It  had  the  position  and  direction  of  the  Sylvian 
fissure,  but  was  so  faint  that  it  was  posiBibly  only  the  mark  pro- 


SxpLAVATiON  OF  FiouRE.— -I.  and  II.,  rtttBX  and  profile  view  of  brain  of  Orni- 
thoiynchiis;  III.,  the  medal  and  inferior  snrfacaa  of  the  right  hemisphere. 
B^  balbns;  ff,  lobna  hippocampi;  C,  cerebellnm;  JT,  medulla  oblongata; 
P,  pons ;  D,  gyros  dentatus.    Drawn  by  H.  G.  Melville,  M.B. 

duced  by  a  small  blood-vessel  Immediately  behind  this  mark 
was  a  somewhat  deeper  indentation  in  the  left  hemisphere,  but 
not  in  the  right,  which  extended  for  3  mm.  in  an  antero-posterior 
direction.  A  similar  shallow  depression  ran  for  5  mm.  trans- 
versely outwards  from  the  posterior  border  of  each  hemisphere. 
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The  mesial  surface  of  the  hemisphere  was  exposed  by  an 
antero-posterior  section,  and  the  optic  thalamus  was  removed. 
The  anterior  commissure  and  the  rudimentary  corpus  callosum 
transversely  divided  were  seen  at  the  sur&ce  of  the  section,  and 
behind  these  was  the  hippocampus.  A  shallow  antero-posterior 
fissure  6  mm.  long  was  observed  on  the  mesial  surface  of  the 
pallium  in  front  of  and  above  the  divided  corpus  callosum.  It 
might  possibly  be  the  splenial  fissure,  and  the  slender  band  of 
the  pallium  between  it  and  the  corpus  callosum  would  thus  re- 
present a  rudimentary  callosal  convolution.  This  fissure  seemed 
at  first  as  if  it  ended  behind  in  the  fissure  which  lodged  the 
velum  interpositum ;  but  when  the  parts  were  drawn  asunder, 
it  was  seen  to  be  separated  from  that  fissure  by  a  narrow  band 
continuous  with  the  rudimentary  callosal  convolution.  Shallow 
vascular  indentations  ran  from  this  fissure  to  the  upper  margin 
of  the  hemisphere.  A  gyrus  dentatus,  which  was,  however, 
smooth  on  the  surface,  was  situated  in  front  of  the  hippocampal 
fissure.  At  its  upper  part  it  was  1*5  mm.  in  breadth  and  close 
to  the  plane  of  the  mesial  surface ;  but  lower  down  it  receded 
from  that  plane  and  was  attenuated  into  a  narrow  edge. 

A  comparison  was  then  made  between  the  brain  of  Orni- 
thorynchus  and  that  of  the  Ek^hidna  figured  in  my  address  on 
the  convolutions.^  As  will  be  seen  from  the  accompanying 
table  of  measurements,^  the  brain  of  Elchidna  is  considerably 
larger  than  that  of  Ornithorynchus. 

C 

Length  of  pallium, 
Height  of       „  .         . 

Breadth  of  cerebrum, 
Projection  of  rhinencephalon 
in  front  of  pallium, 
Length  of  cerebellum, 
Breadth  of        ,«         .         . 


} 


loiynohi 

IS.      Echidna. 

29 

39 

18 

27 

26 

40 

3 

10 

11 

18 

15 

23 

All  the  parts  of  the  rhinencephalon  are  moi*e  fully  developed 
in  Echidna.  The  bulb,  which  measures  15  mm.  in  length  by  10 
in  breadth,  is  both  longer  and  wider,  and  projects  considerably 

'  Op,  eU.,  figures  8  and  9,  Jowmal  of  AtuU.  and  Fhya.,  vol.  zxv. 
'  It  shoald  be  noted  that  all  the  measurementa  recorded  in  this  paper  were  on 
brains  hardened  in  spirit. 
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further  in  front  of  the  pallium.  The  crus  is  8  mm.  in  width, 
and  both  it  and  the  ectorhinal  fissure  are  visible  on  the  side  of 
the  hemisphere  when  viewed  in  profile,  and  are  not  limited  <k> 
the  under  surface  as  in  Omithorjmchua  A  portion  of  the  lobus 
hippocampi  also  projects  below  the  pallium,  and  is  seen  in  the 
side  view  of  the  brain  of  Echidna,  in  which  it  has  a  breadth 
of  8  mm.  The  cranial  surface  of  the  pallium  is  distinctly 
convoluted  in  Echidna,  but  in  Omithorynchus  it  is  only 
marked  by  vascular  furrows,  with  the  addition  of  the  slight 
indentations  referred  to  in  the  description.  Echidna  possesses 
a  definite  splenial  fissure,  separated  from  the  corpus  callosum  by 
a  relatively  large  callosal  convolution,  and  has  some  additional 
fissures  on  the  mesial  surface.  In  Echidna  the  gyrus  dentatus 
is  relatively  larger  and  is  distinctly  denticulated.  The  convolu- 
tion into  which  the  lobus  hippocampi  is  prolonged  superiorly, 
and  which  apparently  represents  the  gyrus  hippocampi,  is  more 
massive  in  Echidna  than  in  Omithorynchus. 

From  the  comparison  above  given,  it  is  obvious  that  the 
rhinencephalon  or  olfactory  part  of  the  brain  is  much  larger 
and  more  highly  developed  in  Echidna  than  in  Omithorynchus. 
The  pallial  part  is  also  on  a  larger  and  more  complicated  plan. 
It  possesses  much  greater  bulk,  and  its  cortex  is  arranged  in 
definite  convolutions.  But  the  cerebellum  also  is  a  much  larger 
organ,  its  surface  is  more  minutely  divided  by  fissures,  and  the 
bnd-like  processes,  which  form  the  lateral  lobes  or  hemispheres, 
though  small  when  compared  with  the  higher  brains,  are  more 
distinctly  differentiated  in  Echidna.  The  conclusion  therefore 
to  which  one  has  arrived  is,  that  Echidna  possesses  a  more 
highly  organised  brain  than  is  found  in  Omithorynchus. 


A  FEW  APPLICATIONS  OF  A  PHYSICAL  THEOREM 
TO  MEMBRANES  IN  THE  HUMAN  BODY  IN  A 
STATE  OF  TENSION.*  By  Robert  H.  Woods,  M.B. 
(Dub.),  Throat  Surgeon  to  the  Bichrruynd  Hospital,  De- 
m/yastrator  of  An^Uoniy  in  Trinity  CoUege,  DvMin,  Ac. 

It  will  first  be  necessary  to  state  the  theorem  which  I  intend 
to  apply. 

On  a  section  of  a  cylinder  of  radios  r  containing  fluid  under 
a  pressure  of  P  lbs.  per  square  inch  let  us  take  two  diametri- 
cally opposite  points  A  B  and  find  the  tensions  per  inch  run  of 
the  cylinder  at  these  points. 

The  total  pressure  acting  on  the  semi-circumference  of  a  ring 
an  inch  wide  will  be  Ptt.  But  the  stress  or  tension  at  A  and 
B  is  not  represented  by  this  total  pressure,  but  by  the  sum  of 
the  resolved  parts  of  its  components  in  a  direction  at  right 
angles  to  the  diameter  AB.  The  sum  of  these  components  is 
equal  to  the  pressure  on  an  area  formed  by  the  diameter  of  the 
cylinder  multiplied  by  unity  or  =  2Pr,  but  since  an  equal  share 
is  borne  by  A  and  B,  the  tension  or  stress  at  either  point  is : 

Ta  Pr  or  Poc  - 

r 

This  is  for  the  simple  case  of  a  sur&ce  curved  circularly  in  one 
direction.  If  the  surface  be  curved  in  a  direction  at  right 
angles  to  this,  the  second  radius  of  curvature  being  r^,  we  have  :— 


PocT 


(>+^) (•) 


From  whence  it  is  seen  that  the  tension  of  a  membrane 
enclosing  a  fluid  under  a  given  pressure  is  not  a  fixed  qucmtity, 
but  is  greater  the  greater  the  radii  of  curvature  of  the  mem- 
brane. The  truth  of  this  may  be  put  to  a  practical  test  by 
distending  a  large  and  a  small  bag  of  the  same  material  with  a 
fluid,  the  pressure  of  which  is  gradually  raised.     It  will  always 

^  A  paper  read  before  the  Royal  Academy  of  Medicine  in  Ireland  on  January 
16,  1892. 
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be  foond  that  the  larger  of  the  two  will  be  the  first  to  burst, 
while  the  smaller  will  remain  intact  under  a  very  much  higher 
pressure. 

If^  now,  we  apply  this  to  the  heart,  we  see  that  the  muscle 
of  the  heart  in  the  distended  state  of  the  organ  must^  on 
account  of  the  larger  size  of  its  cavity^  and  necessarily  greater 
radii  of  its  walk,  make  a  much  greater  e£fort  at  contraction^  in 
order,  by  means  of  the  tension  of  the  walls,  to  raise  the  con* 
tabled  blood  to  the  pressure  of  that  in  the  aorta,  than  when  the 
ventricle  is  more  contracted,  as  e.g,  at  the  middle  or  end  of 
systole. 

Again,  the  thinner  the  heart-wall  is, — ^that  is  to  say,  the  fewer 
muscle  fibres  there  are  on  cross  section, — the  more  will  each 
fibre  have  to  exert  itself  to  bring  about  a  given  tension ;  and 
when  it  is  considered  that  the  wall  of  the  heart  is  thinnest 
when  the  organ  \b  most  dilated,  it  will  be  seen  that  this  must 
form  another  and  not  unimportant  factor  in  contributing  to 
the  difficulty  of  commencing  systole. 

Let  us  now  go  a  little  more  accurately  into  these  pointa 

If  we  apply  the  &ct  that  the  surface  area  of  a  sphere  varies 
as  the  square  of  its  radius,  and  bear  in  mind  that  the  total 
number  of  muscle-fibres  is  a  constant  quantity,  we  see  that  the 
number  of  muscle-fibres  per  unit  of  area  on  the  heart-wall 
varies  inversely  as  the  square  of  the  radius, — that  is,  suppos- 
ing for  a  moment  the  heart  to  be  a  sphere.  Hence,  for  a  given 
exertion  of  muscle-fibre  the  tension  will  vary  inversely,  as  the 
square  of  the  radius,  or 

Still  regarding  the  heart  as  a  sphere,  the  formula  (a)  above, 

DOW  becomes 

r 

But  T  a  ^  as  just  shown^  therefore 
^« 

„      1 
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Thus  we  arrive  at  the  somewhat  startling  result  that  the 
pressure  varies  inversely  as  the  cube  of  the  radius  when  the 
exertion  of  each  individual  fibre  is  taken  as  constant,  or  if  we 
regard  the  pressure  as  constant,  the  exertion  or  pull  of  each 
muscle  fibre  must  vary  as  the  cube  of  the  radius  of  curvature. 
So  that  if  we  suppose  the  heart  to  be  in  two  conditions,  the 
first  condition  having  a  certain  diameter,  and  the  second  a 
diameter  twice  as  great,  the  heart  will  have  to  exert  itself 
eight  times  as  much  in  the  second  position  as  in  the  first,  in 
order  that  the  same  pressure  may  be  exerted  on  the  contained 
blood. 

This  enormous  disadvantage  under  which  the  heart  in  the 
beginning  of  systole  labours,  is  surely  more  than  sufficient  to 
demand  extra  mechanism  to  overcome  it ;  and  it  now  remains 
to  be  considered  how  it  had  best  be  done. 

The  difficulty  could  easily  be  disposed  of  by  heaping  on  layers 
of  muscular  fibres  outside  those  which  were  barely  sufficient  in 
the  contracted  condition;  but  this  would  be  attended  by  the 
disadvantage  of  more  required  room,  and  of  having  the  extra 
fibres  acting  at  a  time  when  they  were  wholly  unnecessaiy,  ije., 
towards  the  middle  and  end  of  sjrstole,  which  would  not  be  in 
accordance  with  the  principle  of  least  action  enunciated  by  Dr 
Haughton  in  his  great  work  on  animal  mechanics,  and  shown 
by  him  to  be  universal  in  the  animal  economy.  Some  cheaper 
way  must,  then,  be  sought.  It  is  found  in  the  columnoB  camese, 
and,  as  I  hope  to  show,  in  the  musculi  papillares  also.  These 
muscles,  which  stretch  across  the  cavity  of  the  heart  bom  wall 
to  wall,  exert  their  influence  more  immediately  on  the  blood  by 
pulling  more  directly  on  the  ventricular  wall,  and  consequently 
are  more  efficient  than  if  they  lay  on  the  outside  of  the  wall 
itself.  On  account  also  of  the  rapidity  with  which  their  origins 
and  insertions  approximate  the  one  to  the  other,  their  force 
must  diminish  towards  the  middle,  and  fade  away  towards  the 
end  of  systole ;  thus  compensating  in  a  singularly  beautiful  way 
for  the  disadvantage  at  which  the  heart-wall  is  placed  at  the 
commencement  of  its  contraction. 

It  may  be  objected  that  placing  muscles  inside  the  heart 
cavity  would  necessitate  its  enlargement  for  the  purpose  of 
making  room  for  them.    But  a  little  consideration  will  show 
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this  is  not  the  case.  For  suppose  the  heart  a  sac  with  smooth 
walls,  it  would  be  quite  impossible  for  it  to  contract  so  as  to 
obliterate  or  even  almost  obliterate  its  cavity  when  expelling 
blood  under  considerable  pressure,  owing  to  the  difficulty  of 
approximating  the  origins  and  insertions  of  the  fibres,  especially 
of  the  innermost  layers,  so  that  the  only  difference  their  pre- 
sence makes  consists  in  diminishing  the  quantity  of  residual 
blood  in  the  heart 

The  urinary  bladder  is  no  exception  to  this,  but  rather  an 
illustration.  For  the  last  quantity  of  urine  is  got  rid  of  not 
by  the  exertion  of  the  bladder  wall,  but  by  the  vis  a  tergo  of 
the  abdominal  muscles  and  the  pumping  of  the  accelerator 
urinaa  muscle,  aided  to  some  extent  by  gravity.  Here,  too,  the 
resistance  to  be  overcome  is  negligible,  being  nothing  more  than 
that  offered  by  the  friction  of  the  urine  against  the  walls  of  the 
urethra.  The  bladder,  furthermore,  as  shown  by  frozen  sections, 
is  in  the  contracted  condition  not  spherical,  but  somewhat  T- 
shaped,  which  it  could  not  be  if  its  walls  were  in  contraction  at 
the  end  of  the  act  of  micturition. 

The  musculi  papillares  are  usually  considered  as  having  only 
to  do  with  controlling  the  mitral  and  tricuspid  valvea  But 
they  must  also  aid  in  expelling  the  blood.  For  the  exertion 
necessary  to  prevent  the  valves  from  flapping  back  into  the 
auricles  must  also  react  on  the  ventricular  wall  and  help  it  in 
its  effort  at  contraction.  They  must  then  be  looked  upon  as 
having  the  double  function  of  controllers  of  the  valves  and  true 
working  muscles  of  the  contracting  heart  itself. 

Another  and  a  very  interesting  example  of  similar,  though 
less  complete,  prominence  or  ridging  of  muscular  fibres  on  the 
inside  of  a  contractile  sac,  for  the  purpose  of  exerting  greater 
pressure  on  the  contained  fluid,  is  exhibited  as  a  pathological 
condition  in  the  urinary  bladder  in  cases  where  the  outflow  of 
urine  is  gradually  resisted,  as  in  the  bladder  of  enlarged  prostate. 
Here  the  innermost  fibres  raise  themselves  up  from  the  wall 
hypertrophy,  and  by  their  peculiar  disposition  increase  their 
efficiency.  I  am  inclined  to  regai'd  this  as  an  attempt  on  the 
part  of  the  bladder  to  simulate  the  construction  of  the  heart  by 
providing,  when  the  necessity  arises,  its  own  columns  camesB ; 
and  if  this  be  so,  it  cannot  fail  to  strike  one  as  being  an 
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unnsnally  elegant  example  of  the  wonderful  reeouices  of  Nature 
when  combating  disease. 

In  cases  of  valve  disease  the  heart  becomes  dilated  to  allow 
for  regurgitation,  in  order  that  the  quantity  of  blood  thrown 
into  the  aorta  may  as  nearly  as  possible  be  kept  normal,  and  so 
the  blood-pressure  kept  up.  There  is,  however,  reason  to  believe 
that  in  spite  of  this  the  blood-pressure  in  most  cases  fistlls  a  little. 
Concomitant  with  dilatation  we  have  hypertrophy.  What  is  the 
cause  of  this  hypertrophy,  especially  if  the  blood-pressure  be 
lower  than  before  ?  The  reason  is  because  the  tension  required 
in  the  ventricular  wall  to  raise  the  blood,  even  to  a  lower 
pressure,  is  greater  when  the  heart  is  pathologically  dilated, 
and  so  its  wall-curvature  more  gradual,  than  when  of  normal 
size,  and  the  curvature  sharper. 

It  is  a  well-known  &ct  that  the  apex  of  the  heart  is  its 
thinnest  part.  The  reason  is  simple.  It  is  because  here  the 
curvatures  of  the  wall  are  sharpest,  and,  as  above  shown,  the 
tension  required  to  resist  or  cause  a  given  pressure  in  the 
ventricle  will  be  less  than  where  the  curvature  is  more  gradual. 
The  same  reason  explains  why,  when  the  heart  bursts,  as  in 
buffer  accidents,  without  any  part  having  been  specially 
diseased,  the  thinnest  part  is  not  always  chosen  as  the  seat 
for  rupture. 

This  question  of  tension  in  the  walls  of  a  sac  containing  fluid 
under  pressure  explains  the  absence  fix)m  fusiform  aneurysms 
and  varicose  veins  of  any  effort  to  heal  spontaneously ;  for  the 
more  the  vessels  dilate,  the  higher  the  tension  in  their  walls 
rises,  and  the  more  incapable  they  are  of  contracting  to  diminisli 
their  calibra 

In  &ct,  when  we  take  into  consideration  the  comparatively 
great  radii  of  curvature  of  the  sac  of  an  aneurysm,  and  the  con* 
sequently  great  height  of  the  tension  in  its  walls  which  the 
blood-pressure  in  its  interior  must  give  rise  to,  and  bear  in  mind 
the  diseased  condition  of  its  walls,  we  cannot  help  wondering 
that  they  do  not  more  firequently  burst  than  they  are  known 
to  do. 

Let  us  now  for  a  moment  regard  the  uterus  in  labour,  and  I 
think  we  shall  see  the  real  reason  why  letting  a  quantity  of 
liqiior  amnii  flow  away  precipitates  parturition.    It  is  because 
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this  act  dimmiahes  the  capacity,  and  so  the  radii  of  curvature  of 
the  uterine  walls,  and  thus  enables  the  organ  to  exert  a  greater 
pressure  on  its  contents  than  in  its  former  more  dilated  con* 
dition. 

The  "atony"  of  the  uterus,  where  the  quantity  of  Uquor  a/m/nii 
is  ezoesBiye,  is,  I  believe,  to  be  explained  in  the  same  way — that 
is,  the  too  great  curvature  of  the  walls  of  the  uterus, — and  is 
not  to  be  attributed  to  the  overstretching  of  the  muscular  fibres ; 
for  it  is  not  easy  to  conceive  that  the  liquor  a/mnii  can  increase 
so  rapidly  as  not  to  give  time  for  the  muscular  fibres  to  adapt 
themselves  to  the  change.  Whether  this  reason  is  the  only  one 
I  am  not  prepared  to  say,  but  that  it  is  a  very  important  one  no 
one  can  deny. 

It  will  be  admitted  that  the  thickness  of  the  heart  at  any 
place  bears  a  direct  proportion  to  the  relative  tension  at  that 
place.  Hence  it  follows  that  in  the  equation  (a)  above,  we 
ought  to  be  able  to  substitute  t  the  thickness  of  the  walls^  for  T 
the  tension*    The  equation  will  then  be 


P«t 


C^+J) 


(4  "ff 

— I — )  will  also  be  constant;  or, 

in  general  terms,  the  thickness  varies  as  the  radii  of  curvature. 

I  have  experimentally  put  this  to  the  test  in  the  following 
way.  Some  hearts  were  obtained,  and  the  auricles  having  been 
ligatured,  the  aortic  and  pulmonary  valves  were  destroyed,  and 
glass  tubes  tied  into  their  orifice&  The  ventricles  were  then 
dilated  with  spirit  under  a  head  of  about  12  in.,  and  so  left 
until  they  were  hardened.  Points  on  the  ventricular  surface 
were  then  selected  and  marked  with  labelled  pins,  and  the 
curvatures  in  two  directions  at  right  angles  to  one  another 
estimated  for  each  point.  The  heart  was  finally  cut^  and  the 
various  thicknesses  at  the  marked  points  measured. 

One  heart  was  an  adult's,  another  a  child's  about  twelve 
months  old.  A  third,  adult  heart,  I  compressed  so  as,  as  jGur  as 
possible^  to  imitate  the  contracted  condition  of  the  organ, 
and  see  if  here  the  relationship  held;  but  in  this  case  the 
measurements  of  the  curvature  were  not  so  reliable,  as-  it 
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was  difficult  to  make  sure  that  the  walls  were  uniformly  com- 
pressed, and  indeed  I  have  reason  to  believe  that  I  did  not  very 
well  succeed. 

I  have  tabulated  the  results  (see  below),  and  I  think  they 
show  the  theorem  to  be  correct  within  the  limits  of  experimental 
inaccuracy.  It  will  readily  be  understood  that  these  measure- 
ments are  not  very  easy  to  take;  for  in  the  one  case  the 
curvature  sometimes  changes  so  rapidly  that  only  a  small  line 
can  be  taken  as  a  segment  of  a  circle,  and  in  the  other  case  the 
attachments  of  the  columnse  camesB  do  not  always  leave  it  clear 
at  exactly  what  point  the  true  heart-wall  stops  and  the  columns 
themselves  may  be  said  to  begin. 

On  the  whole,  however,  the  results  more  than  realised  my 
anticipations,  and  may,  I  think,  be  taken  as  proving  the  point. 

There  were  two  points  taken  on  the  left  ventricle  of  the 
adult  heart— one  near  the  anterior,  and  the  other  near  the 
posterior  interventricular  groove ;  but  here  the  formula  did  not 
hold  good,  and  the  results  were  so  much  at  variance  with  the 
rest  that  I  had  to  omit  them.  This  is  confirmatory  of  the  pro- 
position ;  for  it  shows  that  where  the  conditions  were  disturbed 
by  the  proximity  of  the  interventricular  septum,  there,  as  might 
have  been  anticipated,  the  relation  between  curvatures  and 
thickness  did  not  hold. 

Another  point  of  interest  is  brought  about  by  these  tables, 
viz.,  that  the  pressure  in  the  left  heart  is  about  three  and  a  half 
times  as  great  as  in  the  right  in  the  child's  case,  and  about  six 
and  a  half  times  as  great  in  the  case  of  the  adult.  ■ 

This  latter  result,  I  have  since  found  out,  corresponds  almost 
exactly  with  the  experimental  observations  of  EnoU  on  the 
rabbit.  His  exact  proportion  was  1:6'8.  The  proportion  in 
the  child's  case  is,  I  have  reason  to  believe,  not  correct,  as  the 
ventricles  were  not  in  a  similar  condition. 

There  is  good  reason  to  believe  that  the  pressure  in  the  aorta 
of  an  adult  is  a  little  over  9  feet  of  water.  This  being  so,  the 
pressure  in  the  pulmonary  artery  would  be  17  inch^. 

This  accounts  for  the  fact  that  the  left  ventricle  is  more 
rounded  on  section,  the  mean  curvature  of  its  walls  sharper,  and 
their  thickness  greater  than  the  right 

The  left  ventricle  is  the  model  of  what  a  ventricle  ought  to^ 
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be.  The  right  could,  I  think,  be  improved  upon.  The  work 
could  be  more  cheaply  done  by  having  another  (free)  heart, 
consisting  of  a  simple  auricle  and  ventricle,  instead  of  having 
one  ventricle  tacked  on  to  the  outside  of  another.  For  this 
would  admit  of  the  wall-curvature  being  sharper,  and  so  the 
required  tension  smaller.  Whether  the  exigencies  of  space  and 
the  shape  of  the  organs  would  admit  of  such  an  arrangement  I 
can't  say,  for  of  course  these  elements,  and  perhaps  others  too, 
would  enter  into  any  plan  of  remodelling. 

The  thickness  of  the  walls  of  the  systemic  arteries  diminishes 
the  further  we  go  away  from  the  heart,  but  more  rapidly  than  the 
blood-pressure,  the  reason  being  that  the  bore  also  diminishes, 
and  so  the  radius  of  curvature ;  and  hence  the  required  tension 
in  the  arterial  walls  diminishes  proportionately. 

Adult  Heart  (normal). 
Under  preature  12  in  Bight  Ventricle, 
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Child's  Hsabt  (normal). 


Under  pre$8ure  12  in  Bight  Vemtride. 
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ON  THE  ORGAN  OF  JACOBSON  IN  THE  KANGAROO 
AND  ROCK  WALLABY  (MAGR0PU8  QIQANTEUS 
AND  PETROQALE  PENICILLATA)}  By  Johnson 
SYinNQTON,  M.D.,  F.RS.E.,  Lecturer  on  Anatomy,  Minto 
Sonaey  Ediriburgk.    (Plate  X.) 

(B«ad  before  the  Soottuh  Microecopical  Society,  Dec  1891.) 

The  stmcture  of  the  organ  of  Jacobson  in  the  Marsupialia  is  a 
point  of  some  morphological  interest  in  connection  with  the 
relation  of  these  animals  to  the  Prototheria  on  the  one  hand, 
and  the  Eutheria  on  the  other.  It  has  been  recently  shown  by 
Professor  W.  N.  Parker^  that  the  Echidna  possesses  a  highly- 
developed  Jacobson's  organ,  and  I  have  found*  that  this  is 
also  the  case  in  the  Omithorhynchus.  The  structure  of  this 
organ  in  the  Eutheria  division  of  the  mammalia  has  been  in- 
vestigated by  Gratiolet,  Balogh,  Herzfeld,  Schwink,  Gegenbaur, 
Kolliker,  Klein,  and  others,  and  in  none  of  these  animals  is  the 
organ  nearly  as  highly  developed  as  in  the  Monotremes.  Being 
unable  to  find  any  reference  to  its  condition  in  the  Marsupialia, 
and  having  several  pouch  specimens  of  the  great  kangaroo  and 
rock  wallaby  in  my  possession,  I  decided  to  examine  'them  for 
this  organ.  The  specimens  used  were  (a)  the  head  of  a 
MacTopu8  gigcmteus;  total  length  of  animal  measured  from  the 
snout  round  the  top  of  the  head  and  along  the  back  of  the  trunk 
to  the  root  of  the  tail  was  ]2'7  cm.;  length  of  head,  3  cm. 
(6)  The  head  of  another  macropus  of  larger  size ;  the  distance 
from  snout  to  tail,  measured  as  above,  being  15*2  cm.,  and  its 
head  8*7  cm.  (c)  The  head  of  Petrogale  peniciUata ;  length 
from  snout  to  root  of  tail,  8*5  cm. ;  length  of  head,  2  cm. 

All  the  specimens  were  embedded  in  paraffin,  and  the  head 
divided  into  a  series  of  coronal  sections.  The  condition  of  the 
organ  was  practically  identical  in  all  the  three  specimens.    In 

^  From  the  Embryological  Laboratory,  TJniyeraity  of  Edinburgh. 

*  *'  Exhibition  and  Remarks  upon  some  yonng  specimens  of  Echidna  acoleata," 
at  British  Association  Meeting,  1891.     See  Nature,  17th  September  1891. 

s  <*  On  the  Nose,  the  Organ  of  Jaeobson,  and  the  Damb-bell-shaped  Bone  in 
the  Omithorhynchus,'*  read  at  Meeting  of  Zoological  Society  of  London  17th 
KoTember  189It  and  to  be  pvblished  In  next  number  of  its  Proceedings, 
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almost  all,  if  not  all,  mammals  which  possess  an  organ  of 
Jacobson,  this  is  provided  with  a  more  or  less  complete  cartila- 
ginous investment.  This  cartilage  has  a  comparatively  simple 
arrangement  in  my  specimene.  About  1  mm.  in  front  of  the 
organ  of  Jacobson  and  Stenson's  duct  the  cartilaginous  septum 
nasi  divides  at  its  dorsal  end  into  two  plates  which  curve  round 
their  corresponding  nasal  cavities,  and  end  on  the  inner  side  of 
the  floor  of  the  nose  just  external  to  the  nasal  septum,  to  the 
cartilage  of  which  they  are  united  by  perichondrium  (see  fig.  1, 
Plate  X.).  Following  the  serial  sections  from  this  point  back- 
wards, we  observe  that  the  floor  of  the  nose  becomes  depressed, 
and  the  cartilage  in  the  floor  undergoes  a  corresponding  depres- 
sion, so  that  its  upper  surface  becomes  distinctly  concave.  This 
longitudinal  groove  in  the  nasal  floor  coiresponds  to  what  Dr 
Klein  described  in  the  guinea-pig  as  the  lower  nasal  furrow. 
A  few  sections  further  back  we  find  the  floor  of  the  nose  per- 
forated by  the  naso-palatine  or  Stenson's  duct,  and  here  the 
curved  plate  of  cartilage  above  described  is  separated  into  an 
inner  and  an  outer  portion  (see  fig.  2,  Plate  X.).  The  inner 
one  becomes  the  cartilage  of  Jacobson's  organ.  At  first  this  is 
a  plate  flattened  &om  within  outwards,  but  as  soon  as  it  comes 
into  relation  with  Jacobson's  organ  it  acquires  a  U-shaped  form. 
The  limbs  of  the  U  SJ^  united  below,  and  the  inner  limb  is 
longer  than  the  outer  (see  fig.  3,  Plate  X.). 

In  no  part  of  its  extent  does  the  cartilage  form  a  complete 
ring.  Posteriorly  it  first  loses  its  outer  limb,  and  finally  ends  a 
little  in  front  of  the  posterior  end  of  Jacobson's  organ.  In  the 
great  part  of  its  extent  the  cartilage  of  Jacobson's  organ  lies  in 
the  nasal  septum  external  to  the  palatine  process  of  the  pre- 
maxillary  bone,  and  below  the  level  of  the  septal  nasal  cartilage 
(see  fig.  3).  Near  its  posterior  end,  however,  it  is  found  on  a 
level  with  the  lower  part  of  the  septal  cartilage,  but  separated 
from  it  by  the  vomer. 

In  1860  Dr  C.  Balogh  ^  gave  an  elaborate  description  of  the 
cartilage  of  Jacobson's  organ  in  the  sheep,  and  more  recently 
Dr  K  Klein,'  in  several  papers,  has  described  with  great  care 

^  **Das  Jaoobsonsche  Oxgan  des  Sohafes,"  Sitzungab,  d,  k.  Akad.  d.   JFim. 
JFieiL,  B(L  42.    1860. 
*  (a)  ".Ck>ntribation8  to  the  Minate  Asatomy  of  the  Nuel  Muoooa  Membimne/' 
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this  cartilage  in  the  guinea-pig,  rabbit,  and  dog.  In  each  of 
these  animals  it  presents  certain  individual  peculiarities,  but  in 
all  of  them  it  has  essentially  the  same  general  form  as  in  the 
kangaroo,  viz.,  a  curved  plate  of  cartilage  situated  in  the  lower 
part  of  the  nasal  septum,  and  forming  a  partial  investment  for 
Jacobson's  organ.  In  the  guinea-pig  and  rabbit  it  forms,  for  a 
short  distance,  a  complete  tube ;  but  this  does  not  appear  to  be 
the  case  in  the  sheep  or  dog.  In  the  rabbit  Dr  Elein  described 
the  cartilage  of  Jacobson's  organ  as  extending  as  far  as  or  even 
beyond  the  organ  itself,  while  in  the  guinea-pig  a  considerable 
part  of  the  organ  is  not  provided  with  any  cartilage. 

The  organ  of  Jacobson  is  a  simple  epithelial  tube,  the  lumen 
of  which  communicates  in  front  with  the  naso-palatine  foramen, 
and  ends  blindly  behind.  On  transverse  vertical  section  the 
organ  is  found  to  be  flattened  from  side  to  side,  and  its  outer 
wall  pushed  slightly  inwards,  so  that  it  may  be  described  as 
somewhat  kidney-shaped.  The  outer  epithelial  wall  of  the 
tube  closely  resembles  that  lining  the  respiratory  part  of  the 
nose,  consisting  of  columnar  cells  mixed  with  a  few  goblet  cells. 
The  columnar  cells  are  probably  ciliated,  although  in  my  speci- 
mens the  cilia  were  with  difficulty  recognised.  The  inner 
epithelial  wall  is  between  two  and  three  times  thicker  than  the 
outer,  and  its  structure  closely  corresponds  to  that  of  the  olfac- 
tory region  of  the  nose.  Beneath  the  superficial  columnar  cells 
there  are  numerous  round  or  oval  cells  with  well-marked  nuclei. 
These  are  the  sensory  cells.  External  to  the  epithelian  there  is 
a  layer  of  connective  tissue  containing  a  few  dilated  capillaries, 
and  towards  the  posterior  part  of  the  organ  some  serous  glands, 
the  ducts  of  which  open  into  the  lumen  of  the  organ. 

From  the  above  description  it  will  be  evident  that  the  organ 
of  Jacobson  in  the  kangaroo  closely  resembles  in  its  form  and 
structure  the  same  organ  in  the  majority  of  the  Eutheria  in 
which  it  has  been  investigated.      Thus  Dr  P.  Herzfeld^  has 

Quar.  Jour.  Micro8,  Scimce^  January  1881.  {h)  **  A  further  Gontribation  to  the 
Minate  Anatomy  of  the  Organ  of  Jacobson  in  the  Guinea-pig,"  Quar.  Jour,  Mieroi, 
Science,  April  1881.  (c)  ''The  Organ  of  Jacobson  in  the  Rabbit,"  Quar.  Jour. 
Micros.  Sderuse,  October  1881.  (d)  *'  The  Organ  of  Jacobson  in  the  Dog,"  Quar. 
Jow.  Micros.  Science,  July  1882. 

^  <'Ueber  das  Jacobson's  Organ  des  Menschen  und  der  Saiigethiere,"  Zool. 
Jahrb.  Abth./.  AruU.  u.  Ontog.,  6d.  111. 
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shown  that  the  typical  arrangement  in  these  animals  is  for  the 
duct  of  Jaoobson's  organ  to  open  anteriorly  into  the  naso- 
palatine foramen.  Such  is  the  case  in  the  dieep,  oow,  pig,  dog, 
cat,  mole,  &c.  Then,  again,  the  microscopic  structure  of  the 
oi^gan  in  the  kangaroo  is  practically  identical  with  that  of  these 
animals. 

A  comparison  of  the  organ  of  Jacobson  in  the  Kangaroo  with 
that  in  the  Monotremes  showB  at  once  yeiy  marked  differences. 
Thus  in  the  Omithorhynchus  the  cartilage,  in  the  greater  part 
of  its  extent,  forms  a  complete  tube,  from  which  there  passes 
inwards  a  well-developed  turbinated  process.  No  indications  of 
such  a  process  have  as  yet  been  found  in  any  of  the  Metatheria 
or  Eutheria.  Then,  again,  in  the  Omithorhynchus  the  organ 
extends  forwards  as  well  as  backwards  beyond  its  opening  into 
the  naso-palatine  foramen,  while  in  the  other  mammals  the 
opening,  which  may  be  either  into  the  naso*palatine  foramen  or 
directly  into  the  nose,  always  represents  the  anterior  extremity 
of  the  organ.  Lastly,  the  oigan  is  much  larger  in  the  Omitho- 
rhynchus than  in  the  Kangaroo. 


EXPLANATION    OF    PLATE    X. 
AU  the  Figures  are  drawn  mth  a  Camera. 

Fig.  1.  Coronal  section  of  nose  in  front  of  Stenson'a  duct,  c^  Car- 
tilage in  septum  nasi ;  dy  Cartilage  in  lateral  wall  of  nose ;  «,  Cartilage 
in  floor  of  nose  ;  t,  Turbinal  cartilage  ;  n.(;.,  Nasal  cavity ;  p.p.^  Pala- 
tine process  of  premaxillary  bone;  Ld,^  Naao-lacrymal  duct;  m,  Cavity 
of  mouth. 

Fig.  2.  0,  Opening  of  duct  of  Jacobson's  organ :  «.(£.,  Stenson's 
duct ;  a,  Cartilage  of  Jacobson's  organ  ;  other  letters  as  in  fig.  1. 

Fig.  3.  f ,  Inner  wall  of  Jacobson's  organ ;  o,  Outer  wall ;  j,  Cavity ; 
fie.,  Epithelium  on  inner  wall  of  nasal  cavity ;  other  letters  as  in 
fig.1. 


ON  THE  EFFECT  OF  CERTAIN  DRUGS  ON  TH^ 
REFLEX  EXCITABILITY  OF  THE  SPINAL  CORdI 
By  Wm.  Stirling,  M.D.,  ScD.,  Profeaaor  of  Pkyaiologyi 
aifid  Hietdogy  in  the  Owens  CoUege,  Mamchester. 

(From  the  Physiological  Laboratory  of  the  Owecs  College.) 

The  number  of  sabstances  employed  in  recent  times  to  increaa^ 
or  diminish  the  excitability  of  the  spinal  cord  has. been  grada-« 
ally  increasiDg.  It  seems,  therefore^adviBable  that  a  systematic 
investigation  of  the  precise  effects  produced  by  these  drugs 
should  be  undertakeut  with  a  view  to  testing  physiologically 
their  effects  upon  some  of  the  lower  animals. 

The  present  investigation  was  undertaken  with  the  view  of 
ascertaining  the  effects  of  the  chief  palt9  of  the  mon-atomio 
metals  upon  the  reflex  excitability  of  the  spinal  cord  of  the  frog; 
The  research  does  not  by  any  means  pretend  to  be  exhaustive 
^t  is  rather  only  a  preparatory  step  in  the  direction  indicated. 
The  disposal  of  my  time  at  present  is  such  that  I  cannot  easily 
obtain  the  number  of  consecutive  hours  necessary  for  carrying 
out  such  investigations,  and  I  am  therefore  induced  to  publish 
these  results  in  the  hope  that  they  may  form  a  basis  for  future 
work 

A  large  number  of  investigations  have  been  made  in  recent 
times  on  the  conditions  governing  reflex  actions  in  the  frog,-^ 
amongst  others,  the  results  of  Setschenow,  recorded  in  his  work 
"  On  the  Electrical  and  Chemical  Stimulation  of  the  Sensory 
Spinal  Nerves  of  the  Frog/'  a  most  important  contribution  to 
this  subject  Ttirck  adopted  the  method  of  stimulating  the 
skin  with  a  dilute  acid^  and  Baxt,  in  Ludwig's  Laboratory,  using 
the  method  of  Tttrck,  found  that  the  latent  periods  of  reflex 
actions  increased  in  a  geometrical  progression,  whilst  the  degree 
of  acidity — dilute  sulphuric  acid— ^followed  an  arithmetical  one. 
I  undertook  several  years  ago  a  similar  investigation,  using 
electrical   instead   of  chemical    stimulation.^     A    systematic 

1  Stirling  "On  the  Summation  of  Electrical  Stimtdi  applied  to  the  Skin,** 
JouriL  qfAnoL  and  Phiy».,  x, 

VOL.  XXVI.  (N.S.  VOL.  VI.)  2  C 
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investigation  of  the  effects  of  certain  substances  on  the  reflex 
excitability  of  the  spinal  cord  was  uncfertaken  by  Meihuizen  ^ 
in  1873^  where  reference  is  made  to  the  chief  contributions  to 
this  subject  up  to  that  time.  Important  contributions  have 
been  made  by  Sydney  Ringer  and  R  A.  MorsheM  on  the  effects 
of  the  chlorides,  bromides,  iodides  of  potassium,  ammonium,  and 
sodium,  on  the  afferent  nerves  of  the  frog^s  leg,  and  also  on  the 
body  of  the  frog  generally. 

Method. — The  method  adopted  in  the  present  investigation 
was  that  of  Tttrck,  which  was  also  used  by  Meihuizen  in  his 
experiments.     The  animal  employed  was  Sana  temporaria^ 
because  it  is  easily  procured,  and  the  epidermis  is  not  so  thick 
as  in  R  esculenta.     As  it  was  desired  to  act  only  on  the  spinal 
cord,  and  not  on  the  brain,  the  animal  was  in  all  cases  pithed 
The  brain  and  spinal  cord  were  destroyed  above  the  brachial 
plexuS)  and  to  prevent  bleeding,  the  skull  was  plugged  with  a 
small  piece  of  wood.    The  cord  can  be  exposed  and  divided 
without  losing  any  blood.    If  much  blood  be  lost,  of  course  it  is 
necessary  to  reject  such  frogs.    Three  quarters  of  an  hour — an 
hour — or  even  a  longer  time  was  allowed  to  elapse  before  the 
stimulation  of  the  foot  was  begun.     The  chemical  stimulus 
employed  was  a  dilute  solution  of  sulphuric  acid — a  fifth  per 
cent.    A  hook  was  placed  through  the  upper  jaw  of  the  frog, 
by  which  it  was  held  vertically.    One  foot  up  to  the  level  of 
the  ankle  was  dipped  into  the  dilute  acid,  and  as  soon  as  the 
leg  was  withdrawn  the  interval  of  time  which  elapsed  between 
the  dipping  in  of  the  foot  and  its  withdrawal  was  noted ;  this 
time  represents  the  latent  period.    The  time  was  measured  by 
means  of  a  metronome,  which  was  so  arranged  as  to  beat  100 
times  per  minute.    The  metronome  was  allowed  to  beat,  and 
the  number  of  beats  counted  between  the  dipping  in  and  with- 
drawal of  the  leg  gave  the  latent  time.    On  comparing  this 
time  before  and  after  the  administration  of  a  drug,  one  can 
ascertain  the  effect  of  that  drug  on  the  latent  period.     Whilst 
one  leg  was  being  dipped  into  the  acid,  the  other  leg  was  gently 
held  out  of  the  way  by  means  of  a  glass  rod.    On  the  leg  being 
withdrawn,  the  legs  were  immediately  bathed  in  ordinary  water 
to  remove  the  particles  of  acid  adhering  to  the  skin.    The  frog 

^  Meihuizen,  P/Ulger*8  Arehiv,  rii  201, 
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was  then  placed  on  a  plate,  and  covered  by  a  bell-jar  lined  with 
moistened  blotting-paper,  so  as  to  form  a  **  moist  chamber."  It 
is  desirable  that  the  temperature  be  not  too  high ;  from  15^  to 
16''  C.  is  the  best  temperature ;  if  it  be  much  higher  than  that^ 
then  the  frogs  are  apt  to  lose  their  excitability  too  soon,  A 
very  important  matter  is  at  what  intervals  of  time  the  stimula- 
tions ought  to  be  made*  This  can  only  be  determined  by  ex- 
periment. I  found  in  my  former  experiments  on  the ''  Sum- 
mation of  Electrical  Stimuli/'  that  stimulation  at  intervals  of  a 
quarter  of  an  hour  allowed  sufficient  time  for  the  nerves, 
muscles,  and  cord  to  regain  their  normal  excitability,  as  shown 
by  the  &ct  that  in  a  series  of  stimulations  at  intervals  of  fifteen 
minutes,  the  latent  period  remained  unaltered  even  after  several 
hours.  I  find  exactly  the  same  holds  good  for  chemical  stimuli, 
so  that  the  leg  in  all  cases  was  stimulated  at  intervals  of  a 
quarter  of  an  hour.  Baxt  and  Meihuizen  obtained  similar 
resulta  If  the  stimulation  be  undertaken  every  five  minutes, 
then  afiber  a  veiy  few  trials  the  latent  period  becomes  greatly 
increased,  and  the  excitability  soon  abolished  altogether. 
Having  determined,  after  a  series  of  trials,  the  normal  latent 
period,  the  drug  to  be  investigated  was  injected  under  the  skin 
of  the  abdomen,  into  the  abdominal  Ijmph-sac,  and  the  effect 
on  the  latent  period  observed.  If  the  drug,  when  injected  in 
sufficient  quantity,  has  no  effect  within  two  or  three  hours,  then 
it  may  be  concluded  that  it  has  no  action  on  the  cord;  and 
further,  if  the  effect  occurs  before  that,  it  is  due  to  the  drug, 
and  not  to  any  effect  of  the  stimulation  per  ae.  The  effect  is 
usually  manifested  much  sooner  than  that.  Meihuizen  divided 
the  brain  on  a  level  with  the  posterior  margin  of  the  tympanum, 
and  injected  the  drug  into  the  dorsal  lymph-sac.  In  opening 
the  spinal  canal,  I  of  course  opened  the  dorsal  sac ;  hence  the 
abdominal  sac  had  to  be  used. 

To  show  the  effact  of  simple  stimulation  without  the  injection 
of  any  drug,  I  may  select  the  following,  taken  from  a  large 
number  of  similar  experiments.  The  results  are  shown 
graphically,  so  that  the  effect  of  the  stimulation  may  be  seen 
at  a  glance. 

The  vertical  line  in  all  these  curves  at  the  extreme  left  in* 
dicates  the  number  of  beats  of  the  metronome,  each  beatsy^^ 
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itain. ;  tha  horiEontal  line  npreaent*  time,  ttie  interval  between 
any  two  of  the  shorter  lineaai  of  ui  hour.  Thus,  the  heif^ht 
of  any  of  the  lines  or  ordincitea  above  the  base  line  or  abacifisa 
repreaentA  the  duration  of  the  latent  period. 

In  Btudyiog  the  results  one  finds  that,  speaking  generally,  the 
latent  period  ia  nearly  the  aame  at  the  end  of  five  houis  as  at 
the  beginning  of  the  experiment,  bo  that  it  is  obvious  tiuA  the 


Iia.  1. — l«teut  periodi  of  ft  mDoz  motor  ut  when  the  frog'i  leg  «u  (timnbtod 

st  iDtsirals  of  a  qoartor  of  an  haar.    "So  drag  adnimutared, 

cutaneous  and  motor  nervee  and  the  cord  are  not  materially  in* 
jluenced  by  the  method  per  ee,  when  suffident  time  is  given 
them  to  recruit  between  the  succeasive  stimulations.  There  is 
one  point,  however,  which  is  very  marked  in  some  cases,  and  it  is 
this,  that  when  a  condderable  interval,  say  several  bonis,  have 
elapsed  between  two  stimulations,  then  usually  the  duration 
of  the  latent  period  is  greatly  length«ied  at  the  first,  and  it  may 
be  at  the  second,  stimulation  thereafter. 

8odiu/m  Salts. — I  have  studied  the  effects  of  several  of  these 
salts  upon  the  reflex  excitability,  and  my  results  agree  with 
those  of  Meihuizen  and  others. 

Sodic  Cfdoride.-~-The  solution  employed  was  such  that  each 
minim  contained  01  gramme  of  pure  NaCl.  A  large  number 
of  experiments  were  made,  but,  to  save  space,  the  figures  fue 
omitted,  and  one  typical  result  is  given  in  a  graphic  form. 
In  reducing  these  figures  to  a  graphic  form,  a  vertical   line 
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running   through    the    curve  indlcatea    when  the  drug   wu 
injected  into  the  lymph-«ac. 

All  these  experiments  indicate  exactly  the  same  result,  viz., 
that  when  sodic  chloride  is  injected  under  the  skin  of  a  frog  iu 
successive  quantities  equal  to  '04r-'08  grammes,  it  has  no  effect 
on  the  reflex  excitabihty  of  the  cord,    lb  is  worthy  of  note,  how- 


Fio.  2.— i^howing  the  tStet  on  tha  UUDt  ptriod  of  the  i^jeOtion  of  anaoHiUa 
doMS  of  (odio  ehloride.  0-2  grms.  <4  wtdic  chloride  injected  at  e,  ^,  tT,  <f", 
total  'OSginu. 

ever,  that  in  fig.  2  the  same  result,  viz.,  a  prolonged  latent 
period  after  a  considerable  interval  of  time — seventeen  hours- 
is  manifested,  aa  in  those  cases  where  no  drug  was  injected 
(«g-  !)■ 

Farther,  it  sometimes  happens  that  when  no  reflex  effect  is 
obtained  even  after  two  to  three  minutes  of  chemical  stimula- 
tion, yet  the  frog  may  react  slightly  to  a  strong  mechanical 
stimulatiotL    This  is  true  also  of  non-poisoned  frogs. 

In  some  cases  the  frog  gives  only  a  very  slight  twitch  or 
movement  of  its  foot,  without  actually  drawing  it  out  of  the 
acid.  In  those  cases  this  twitch  is  almost  invariably  followed, 
several  beats  later,hya  well  marked  reflex  contraction  suflScient 
to  lift  the  foot  out  of  the  acid.  I  have  in  the  paper  already 
referred  to,  on  the  "  summation"  of  sensory  impressions,  called 
attention  to  these  "  preliminary "  contractions,'  which  seem 
*  Lot.tU. 
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to  depend  upon  an  imperfect  diacbarge  of  the  energy  in  the 
cord,  thus  bo  far  interfering  with  the  summation  of  the  stimuli 
in  the  end,  and  delaying  the  complete  contraction  until  impulses 
BufiBcient  in  namber  and  intensity  reach  the  oord  to  overcome 
the  resistance,  and  thus  to  cause  a  complete  contraction 
which  occurs  later.  These  "  jo^liminary "  contractions  occur 
not  only  in  intact  &ogB,  but  also  oiler  the  administration  of 
drugs  (fig.  5). 

Sodic  Bromide. — This  substance  bas  been  extencdvely  used 
aa  a  substitute  for  tbe  correeponding  salt  of  potassium,  but,  as 
far  OS  my  obserrations  go,  they  show  that  it  is  much  inferior  to 
the  corresponding  potassium  salt  in  potency — a  fact  noted  by 
all  observers ;  and  in  foct  it  seems  to  exert  very  little,  if  any, 
e£fect  aa  the  reflex  functions  of  the  cord  even  in  consider- 
able doses  ('12--14  grammes).     One  minim  of  the  solution 


Fro.  S. — Effect  of  sodic  bromide  on  the  latent  period  in  a  fro;;  weigbing  39 
gmu.     "03  gmu.  at  b — b"",  "OS  gmu,  at  b',  f,  total  '14  gnni. 

injected  contained  '005  grammes  of  NaBr.  Without  giving  a 
lengthy  protocol,  I  append  a  curve  (fig.  3)  which  shows  that  the 
reflex  spinal  excitability  is  not  materially  influenced  by  it. 

These  results  show  that  in  double  or  treble  the  toxic  dose  of 
tbe  potassium  salt,  it  produces  no  efiect.  This  result  coincides 
with  that  obtained  by  J.  V.  Laborde.^ 

Sod/ic  Iodide. — This  seems  also  to  be  a  very  inactive  prepara- 
tiim:  '12  grammes  produce  no  marked  effects. 

Potaeaiv/m  Salts. — Tbe  poisonous  effects  of  tbe  potassic  salts 

on  the  heart  and  central  nervous  system  are  well  known,  &om 

the  researches  of  Bernard  and  Qrandeau,  Quttmann,  Traube, 

Podcopaew,  Kinger,  and  Morshead     My  results  are  dmilar,  and 

>  Joumai  di  rAmdomu  ttd4la  Fhyiiolegit,  Bobin,  ISSS,  p.  CM. 
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allow  the  enei^tic  action  whicli  these  salts  exert  xvpoa  the 
eeotral  Derrons  system  in  addition  to  their  effects  on  the  heart. 

In  fig.  4,  after  -02  grammes,  the  latent  period  within  a  few 
minntes  rises  enormously,  it  becomes  four  times  longer,  and 
then  falls  within  an  hoar  and  three  qoarters  to  fifty  per  o^t. 


Fio.  4.— ESeot  of  potudc  chloride  on  m.  frog  welghmg  28  grm 
■t  c,  «*,  total  -04  gmu, 

above  the  normal,  when  another  dose  of  "02  grammes  i: 
it  to  five  times  the  normal  amount.  It  is  obvious,  therefore, 
that  this  substance  has  a  very  depressing  effect  on  refiez 
action.  We  shall  consider  presently  whether  this  result  is  duo 
to  its  effect  on  the  cord  directly,  or  nerves,  or  to  its  action  <m 
the  heart  and  circulation. 

In  fig.  6  we  have  an  excellent  example  of  a  fi-og  in  which  the 
"preliminary"  contraction  occurred  dmoet  uaiformly  before 
the  second  well-marked  one,  bo  that  a  double  curve  is  obtained, 
and  it  is  tenmrkable  how  nearly  these  two  curves  coincide. 
The  lower  dotted  one  represents  the  seri^  of  "  preliminary  " 
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contraotioDa  where  preaent,  and  the  oontmuous  line  the  curve  of 

the  complete  coDtrootbns.    In  this  frog,  which  weighed  89 

gnunmes,  iii  grammes  were  saffident  to  eitingnish  the  reflex 

excitability. 

.    Ae  to  the  qnestion  whether  this  salt  has  an  action  on  the 

central  nervous  system  apart  from  its  action  on  the  heart  and 


Fia.  6. — GiTect  of  potuaic  ctiloTide  on  the  reflex  exciUbiUfy  on  k  frog  weigliing 
SB  gnna.  Th«  upper  oum  reprMenta  ths  final  ooiDplsU  nflez,  the  lower  one 
the  preliminary  contnctioi].     Weight  of  frog  89  gnu.     IMS  grnu.  »t 


circulation,  there  can  be  no  doubt  that  it  has,  f(H'  I  hare 
frequently  found  the  circulation  in  the  web  quite  active  when 
the  redex  excitability  wae  abolished,  both  for  chemical  and 
mechanical  atimulatioQ,  and  when  both  muscles  and  nerves 
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lespmded  to  eleotrical  stimalaiioD.  My  results  therefore  agree 
with  those  of  Ringer  and  Monhead,  who  also  found  the 
ciicalation  active  after  complete  cessation  of  the  reflex 
excitability.  It  is  known  that  besides  their  action  on  the  spinal 
cord,  that  the  potash  salts  paralyse  the  ends  of  the  motor  nerves.^ 

In  poisoning  with  potash  salts,  the  frog's  skin  becomes  very 
dark.  Tbia  has  also  been  observed  by  Meihuizen.  I  have 
always  observed  that  the  effect  is  more  pronounced  in  the  skin 
over  the  seat  of  injection. 

Potaasic  Bromide. — There  is  no  doubt  whatever  about  the 
action  of  this  drug  on  the  reflex  apparatua  It  manifests  its 
depressing  effects  in  small  doses.  In  one  case  *03  grammes  of 
potassic  bromide  were  administered,  and  a  marked  effect  on  the 
latent  period  was  rapidly  produced — yiz.^  an  enormous  increase 
of  the  latent  period,  i,e,,  a  pronounced  diminution  of  the  reflex 
excitability.  In  other  cases  one  observes  that  after  the  drug 
begins  to  act  it  shows  its  effects  very  markedly  within  one  or 
two  periods  of  stimulation,  so  that  the  numbers  in  the  latent- 
period  column  often  run  up,  as  it  were,  at  a  bound  from  15  to 
88  or  more,  the  reflex  excitability  being  rapidly  abolished. 

I  have  observed  one  most  important  fact  in  connection  with 
the  action  of  potassic  bromide  on  frogs.  In  cases  where  the 
reflex  action  has  been  completely  abolished,  and  where  the 
circulation  may  still  be  active  in  the  web  of  the  foot,  if  such 
frogs  are  kept  until  next  day  or  the  day  after,  they  often 
manifest  peculiar  muscular  twitchings  or  spasms  on  being 
touched, — ^it  may  be  in  almost  all  the  muscles  of  the  body,  or 
they  may  occur  in  the  belly  muscles,  or  those  of  the  arms  or 
lega  There  may  be  an  attack  just  like  a  general  attack  of 
tetanus;  and  after  this  passes  off,  certain  of  the  muscles,  as 
those  of  the  belly  and  foreaim,  may  continue  in  a  state  of 
tremor.  This  effect  is  due  to  some  effect  produced  on  the 
central  mechanism  in  the  cord,  fbr  it  disappears  if  the  nerve 
supplying  the  muscles  is  divided  Perhaps  this  condition  may 
be  comparable  to  that  which  Thomas  R  Fraser'  found  occurring 
in  frogs  several  days  after  they  were  poisoned  with  sulphate  of 
atropia  At  anyrate,  the  effect  is  well  marked,  and  seems  to 
depend  upon  some  direct  action  on  the  central  spinal  mechanisnL 
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The  potassic  bromide  undonbtedly  Acta  on  the  central  reflex 
mechanism  in  the  cord,  for  it  is  osual  to  find  that  the  drcnlation 
in  the  web  of  the  foot  is  still  quite  active  even  after  all  reflex 
action  ia  abolished,  and  when  motor  nerves  and  muscles  are 
still  quite  excitable. 

There  is  one  point,  however,  in  the  mode  of  action  of  potossic 
bromide    which    ia  important.    It    was   noticed    by  Fuxser, 


Fio.  6. — Eflbot  of  poUuic  bromide  on  %  frog  weighing  SI  gnna.     -03  gnii& 
at  b,  b',  total  '01  grms. 

Lewisky,  Labotde,'  and  others — viz.,  that  when  the  actaonof  the 
poison — on  intact  &og8  with  their  brain  present — has  advanced 
80  &r  as  to  cause  flaccidity  of  the  muscles  and  absence  of  reflex 
action,  the  animal  may  give  a  sudden  spring  or  jump.  These 
'  JiMTTuU  dt  VAnatomi*  ttdtla  Phgtiekgie,  p.  G&S,  186S. 
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voIaDtaiy  movemeikts  show  that,  in  the  frog  at  least,  the  action 
of  the  drug  is  not  chiefly  exerted  on  the  cerebral  centres,  but 
either  on  the  central  reflex  spinal  mechanism,  or  the  afferent 
nerves  to  the  cord,  or  both.  The  motor  tracts  which  lead  from 
the  cerebrum  to  the  muscles  are  not  affected,  whilst  the  reflex 
mechanism  undoubtedly  ia  Here  we  seem  to  have  a  drug 
which  shows  that  the  motor  tracts  from  the  brain  through  the 
coid  are,  in  part  at  least,  distinct  from  the  reflex  paths.  It  is 
aadoubted  that  the  effect  is  not  due  to  the  action  of  the  drug 
on  the  motor  nerves  or  muscles,  for  they  are  found  to  be 
excitable  afber  death. 

PotoMic  Iodide. — I  have,  so  far,  not  obtained  any  constant 
results  with  this  drug. 

Lithiwm  £b2<8.«^There  is  no  doubt,  from  the  experiments  to 
be  mentioned,  that  the  lithium  salts  exert  a  stimulating  action 
on  the  central  nervous  system  of  frogs,  which  are  readily  thrown 
into  a  state  of  spasm  or  tetanus  after  a  moderate  dose  ^f  certain 
of  the  lithia  salts.  In  experimenting  with  lithic  chloride  I  very 
frequently  found  that  after  the  animal  had  been  poisoned  for 
several  hours,  and  had  had  many  attacks  of  continued  spas* 
modic  or  tetanic  contractions  of  the  voluntaiy  muscles,  that  the 
animal  ejected  its  stomach,  i,e.,  the  stomach  was  found  in  the 
mouth  completely  everted,  having  been  forced  through  the 
cesophagus. 

Lithic  Chloride, — In  experimenting  with  this  drug,  as  in  all 
others  which  cause  spasmodic  muscular  contractions,  it  is  very 
difficult  to  give  a  graphic  representation  of  the  results  of  its 
action,  such  as  may  be  called  a  typical  curve,  as  in  the  case  of 
the  corresponding  salts  of  potash  and  soda.  The  effect  pro- 
duced depends  partly  on  the  dose  and  partly  on  the  excitability 
of  the  frog. 

In  some  cases  a  moderate  dose,  "02  grms.,  seems  to  abolish 
the  reflex  excitability  to  chemical  stimulation  almost  at  once, 
although  a  very  feeble  reflex  effect  may  be  obtained  to  very 
powerful  mechanical  stimulation,  while  in  other  cases  the  latent 
period  is  increased,  sometimes  doubled,  in  the  first  stimulation 
after  injection  of  the  drug,  and  then  no  reflex  effect  is  obtained 
for  several  periods  thereafter.  But  in  one  case,  about  an  hour 
and  a  half  after  the  injection,  the  frog  was  seiaed  with  sudden 
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general  spasmodic  contractions  of  all  the  muscles  of  the  body, 
so  much  so  that  the  animal,  although  lying  on  its  belly,  was 
forcibly  turned  right  over,  so  that  it  came  to  lie  on  its  back. 
There  was  violent  extensor  tetanus,  just  like  the  condition  pro- 
duced by  strychnia  poisoning.  Thereafter  the  muscles  of  the 
lower  limbs  remained  in  a  state  of  tremor.  After  a  time  a 
reflex  contraction  was  obtained  after  89  beats  of  the  metio- 
nome-^that  is,  about  -^ths  of  a  minute.  This  result — the  long 
latent  period — ^is  largely  due  to  the  exhaustion  of  the  spinal 
cord  from  the  continued  spasmii;  which  have  a  centHftl  origin. 

In  other  cases  it  is  difficult  to  ascertain  the  immediate  effect, 
although  on  the  whole  it  seems  to  be  to  lengthen  the  latent 
period.  This  may  occur  very  gradually  up  to  a  certain  extent — 
trebled  or  quadrupled — and  then  suddenly  the  animal  is  thrown 
into  a  state  of  violent  tonic  spasm,  as  described  above. 

Sometimes  it  is  very  difficult  to  ascertain  the  effect  in  the 
first  two  or  three  periods  after  the  injection  of  the  drug,  in  con* 
sequence  of  the  movements  of  the  lower  limbs  which  are  some- 
times induced.  When  the  animal  is  held  up,  it,  as  it  were, 
treads  the  air<  In  all  cases,  sooner  or  later,  the  co-ordinate 
reflex  to  chemical  stimulation  is  aboUshed,  and  gives  place  to 
tetanus. 

.  In  all  cases  the  drug  produces  marked  muscular  spasms, 
which  may  begin  as  muscular  twitchings  in  the  toes,  and  extend 
to  other  muscles  of  the  body  until  all  are  involved.  In  some 
oases  the  abdominal  muscles  contract  most  powerfully.  In  not 
a  few  cases  the  animal  is  forcibly  thrown  on  its  back. 

In  almost  all  cases  when  the  frogs  were  left  under  a  bell-jar 
and  in  a  moist  atmosphere  for  the  night,  in  the  morning  they 
were  found  with  their  stomach  and  lower  part  of  their  oeso- 
phagus everted,  and,  as  it  were,  projected  through  their  mouths. 
The  stomach  was  everted,  and  appeared  as  if  it  had  been 
forcibly  everted  and  pushed  from  below  by  the  violent  oomtrac* 
tions  of  the  abdominal  muscles. 

The  muscular  tremors  often  lasted  for  many  hours — until  the 
next  morning.    Sometimes  fibrillar  muscular  contractions  were 
observed.    The  spasms  ceased  when  the  nerve  supplying  the 
muscles  was  divided,  so  that  their  origin  is  central 
.    The  heart  was  usually  found  beating,  and  the  circulation  in 
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the  web  active,  so  that  this  drag  has  an  action  on  the  oentral 
nervous  system  apart  from  any  action  it  may  have  on  the  heart. 

The  muscles  and  nerves  were  excitable  to  mechanical  and 
electrical  stimulation,  so  that  its  action  is  chiefly  oentral,  and, 
as  &r  as  I  have  investigated  it,  on  the  spinal  cord. 

Lithio  Bromide. — In  certain  respects  the  action  of  this  drug 
resembles  the  chloride  of  the  same  metal,  but  it  is  infiBrior 
in  its  activity.  In  some  cases  more  than  double  the  dose  is 
required  to  obtain  any  effect.  In  one  case  09  grm&  of  Li. 
Br.  and  "08  grms.  required  to  be  injected  before  any  effect 
was  produced,  and  then  there  was  a  sudden  increase  of  the 
latent  period,  and  the  animals  passed  rapidly  into  a  state  of 
spasm— often  beginning  in  the  muscles  of  the  toes,  exactly 
like  the  effects  of  lithic  chloride.  There  was  well  marked 
opisthotonos  —  tremors  and  violent  contractions  of  the  ab- 
dominal muscles  and  limbs,  so  that  the  animal  was  almost 
thrown  off  the  plate  on  which  it  was  placed  Sometimes,  after 
a  violent  attack  of  tetanus,  and  when  no  co-ordinated  reflex 
movement  was  obtained  from  chemical  stimulation,  after  half 
an  hour  or  more,  a  co-ordinated  reflex  movement  was  obtained, 
usually  with  a  greatly  elongated  latent  period. 

In  other  cases  the  reflex  excitability  to  chemical  stimulation 
seems  to  be  rather  suddenly  extinguished,  especially  if  a  series 
of  doses  has  been  administered  without  any  apparent  effect 

In  those  cases  where  the  reflex  effect  was  abolished,  the  heart 
was  found  beatiog,  and  the  muscles  and  nerves  were  excitable. 

LUhie  Iodide, — The  frogs  were  operated  on  the  evening 
before,  so  that  seventeen  hours  elapsed  before  the  experiment 
was  commenced  This  interval  I  have  found  to  have  no 
effect  on  the  latent  period  except  at  the  first  stimulation, 
which  nsuaUy  give^  a  very  long  latent  period,  which  becomes 
normal  at  the  second  stimulation.  The  effect  of  a  prolonged 
period  of  rest  in  increasing  the  first  latent  period  has  already 
been  noticed. 

The  action  of  lithic  iodide  resembles  in  some  respects  that 
of  the  chloride  and  bromide.  There  is  an  elongation  of  the 
latent  period  usually  after  a  considerable  dose  or  series  of  doses ; 
this  effect  may  last  for  a  considerable  time  without  the  animal 
exhibiting  any  muscular  tremors  for  some  time,  or  the  latent 
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period  may  be  rapidly  prolonged,  and  the  animal  be  thrown 
into  a  state  of  rigid  tetanus,  often  lastiing  several  seconds— « 
and  that  within  half  an  hour,  or  even  less,  after  the  drug 
has  exhibited  its  effect  on  the  latent  period  In  all  cases  these 
muscular  tremors  and  tetanic  contractions  were  observed, 
although  in  some  cases  their  appearanoe  was  delayed  until 
several  hours  after  the  injection  of  the  drug.  In  some  cases 
the  reflex  to  chemical  stimulation  was  abdished  for  a  con* 
siderable  time,  and  recurred  again.  The  circulation  in  the. 
web  was  active,  even  although  the  reflex  was  abolished. 

On  the  succeeding  morning,  in  almost  all  cases  the  firog 
was  found  to  have  its  stomach  everted  and  lying  in  its  mouth, 
just  as  in  poisoning  with  the  chlorida  The  slightest  touch 
sufficed  to  throw  a  quiescent  frog  into  a  state  of  tetanus  after 
the  spasms  had  once  set  in.  The  cause  of  these  contractions 
lies  in  the  conL 

It  is  obvious,  therefore,  from  these  experiments,  that  the 
lithium  salts  are  much  more  poisonous  than  they  have  been 
suspected  to  be  heretofore.  In  all  cases  they  cause  violent 
muscular  tetanus,  which  has  a  central  origin  (spinal  cordX 
and  this  increased  excitability  at  this  stage  is  so  mariced  that 
the  slightest  touch  suffices  to  cause  the  frog  to  be  thrown 
into  violent  extensor  tetanu&  This  period  of  exalted  reflex 
excitability  seems  to  be  preceded,  in  some  cases  at  least,  by 
one  of  diminished  excitability  to  reflex  stimulation.  These 
effects  seem  to  be  due  to  the  action  of  the  lithium  on  the 
spinal  cord,  and  not  to  any  action  it  may  have  on  the  heart. 
As  all  the  salts  of  lithium  investigated  produced  the  same 
effects,  it  is  obvious  that  it  is  the  base — the  lithium — ^which 
is  the  active  agent  in  producing  these  results,  and  not  the 
add, — a  principle  which  has  alre»idy  been'  fully  confirmed  by 
many  observers.  In  the  case  of  some  of  the  alkaUes,  however, 
the  action  of  the  salts  depends  much  on  the  acid. 

The  remarkable  action  of  the  lithia  salts  in  causing  eversion 
and  expulsion  of  the  stomach  into  the  mouth  has  already  been 
alluded  to. 

Lithium  in  its  action  has  less  resemblance  to  the  soda  and 
potash  salts  than  to  those  of  ammonium,  which  will  be  alluded 
to  when  we  record  the  actions  of  these  salts. 
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Ammoiwu/m,  Chloride. — On  injecting  the  aolution  into  the 
abdominal  lymph-sac  there  did  not  appear  to  be  so  mndi 
irritation  prodnced  as  with  lithic  ohloride. 

The  spasms  oocar  very  readily  when  the  frog  is  lifted  to  test 
tlie  reflex  excitability.  Sometimes  the  mosclea  of  the  haok  are 
so  rigidly  contracted  that  there  is  well  marked  opisthotonos.  The 
toes  are  sometimes  spread  out  so  that  the  veh  is  rendered  tense. 

After  a  time  the  reflex  action  may  be  abolished,  but  even 
under  these  circumstances  the  heart  is  usually  found  beating, 
and  the  muscles  and  nerves  excitable.  In  a  few  cases  the  heart 
was  fouad  bea^g,  and  the  muscles  still  excitable,  although  the 
motor  nerves  had  lost  their  excitability.  Nothing  comparable 
to  the  eversioQ  of  the  stomach  was  found. 

The  action  of  ammonium  chloride  on  frogs  seems  to  resemble 
very  closely  ia  certain  respects  that  of  the  lithium  salta 

A  relatively  small  dose  ("02  grammes),  or  even  -01  in  sonte 
cases,  very  soon  causes  pronounced  efi^ts. 

In  some  cases  the  latent  period,  after  the  injection,  is 
increased,  whilst  in  others  it  appears  to  be  shortened  somewhat ; 


710.  7. — Effect  of  Mnmoninm  ohloride.    Weight  of  frog  31  gmu. 

•01  grm*.  at  e,  <*,  e",  total  -03  grma. 

but  if  another  small  dose  be  given,  the  latent  period  soon  rises, 
and  then  there  occurs — suddenly  it  may  be — a  general  tetanic 
convulsion  of  all  the  voluntary  muscles  of  the  body.    Sometimes 
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tremors  begin  in  the  forearms  or  legs,  and  gradually  extend  to 
the  rest  of  the  body,  until  the  frog's  limbs  become  quite  aa 
rigid  as  in  strychnia  poisoning. 

Buchheim  states  that  ammonium  chloride  has  not  the  same 
effect  aa  the  other  salts  of  ammonia  This  is  certainly  an  erroi; 
for,  like  F.  Lange,  I  find  it  is  one  of  the  most  powerful  of  the 
ammonium  salts ;  and  this  is  what  one  would  expect,  for  the 
injection  of  the  ammonium  salts  into  the  veins  of  a  mammal 
causes  violent  general  convulsions  of  all  the  voluntary  musclea, 
which  occur  soonest  after  the  injection  of  the  carbonate  and 
then  of  the  chloride  (Boehm  and  Lange).  Indeed,  these  two 
observers  say  that  ammonium  chloride  is  the  most  poisonous 
ammonium  salt  with  which  they  experimented  (mammals).^ 

ATn/mxym/wni  Bromide. — Here,  as  in  the  other  cases  when 
spasmodic  contractions  are  caused  by  a  drug,  it  is  very  difiScuIt 
to  obtain  the  latent  period 

In  some  cases  there  is  an  elongation  of  the  latent  period, 
which  after  a  short  time  is  followed  by  twitches  in  one  or  more 
of  the  limbs,  or  by  general  convulsions,  just  as  is  the  case  with 
the  chloride,  only  it  would  seem  that  a  somewhat  larger  dose 
of  the  bromide  is  required  than  of  the  chlorida  Indeed,  Ringer 
and  Morshead  foimd  that  the  ratio  of  the  chloride  and  bromide 
to  the  iodide  might  be  represented  by  1  (C):  1*5  (B):  2  (I)  if 
the  frog  is  to  obtain  the  same  amount  of  potassium  or  ammo- 
nium.    After  a  time,  reflex  action  is  entirely  abolished. 

In  some  cases  the  reflex  activity  seems  to  be  partially 
restored,  provided  the  dose  has  not  been  too  large.  The 
circulation  may  be  quite  active  even  when  no  reflex  can  be 
obtained  in  response  either  to  chemical  or  mechanical  stimula- 
tion. The  muscles  and  nerves  were  found  to  be  excitable  to 
electrical  stimuli 

I  have  not  entered  into  the  question  of  the  relation  between 
the  chemical  constitution  of  the  drug  used  and  its  physiological 
action,  a  subject  discussed  by  Brunton  and  Cash.'  The 
expenses  of  this  research  were  defrayed  by  a  grant  from  the 
British  Medical  Association. 

'  Arehvof,  Experimm.  Pathol,  u,  FharmaJcol,,  ii  864. 
>  Trans,  Roy,  Soc,  part  i,  1884. 


THE  GUSTATORY  ORGANS  OF  ATELE8  ATER    By 
Fbedebick  Txjckerman,  AmJierst,  MasMchuaetta. 

The  tongue  of  Ateles  possesses  a  long  flattened  process,  i9hich 
is  continued  forward  from  the  frsenum.  This  lingual  character, 
already  noted  by  Owen  in  the  LemuridoB  and  OhvromyidoB,  is 
called  the  fivsnal  or  sublingual  plate.  A  peculiar  interest 
attaches  to  the  frsBnal  plate  in  Atelea,  as  it  represents  a  hitherto 
undescribed  bulb-bearing  area, 

Oeneral  Description  of  the  Tongue. — The  organ  measures 
54  mnL  in  length,  20  mm.  in  breadth,  and  is  free  from  the 
fraenum  for  12  mm.    It  is  quite  thick  posteriorly,  and  the 
general  sur&ce  is  smooth  and  yielding  to  the  touch.    The 
under  surface  of  the  free  portion  is  impressed  by  a  deep  wedge- 
shaped  groove  extending  from  the  frsanum  to  the  tip.    The 
fungiform  papillsB  are  abundant  only  at  the  tip;    beneath  it, 
they  are  large  and  closely  packed.    As  in  Lemv/r  mongoz,  and 
some  species  of  Macacvs,  the  circumvallate  papillae  consist  of 
two  pairs.    The  posterior  pair  are  2*6  mm.  apart,  and  13  mm. 
from  the  base  of  the  tongue.    The  anterior  pair  are  well 
forward,  being  10  mm.  fix>m  the  posterior  pair  and  11  mm. 
apart.    The  two  pairs  of  papillse,  seen  from  above  with  a  low 
power,  show  a  marked  difference  in  external  charactera    The 
summits  of  the  posterior  pair  are  smooth  and  circular.    The 
anterior  pair,  on  the  other  hand,  lie  more  obliquely,  present  a 
less  regular  contour,  and  are  somewhat  depressed  at  the  centre. 
Within  the  space  bounded  by  the  four  gustatory  papill®  aare 
three  transitional  forms,  which  are  obviously  modifications  of 
the  fungiform  type.    The  dorsum  posterior  to  the  gustatory 
region  is  wrinkled,  but  devoid  of  papillse.    The  lateral  gustatory 
organs  are  placed  obliquely  at  the  sides  of  the  base,  veiy  much 
as  in  Lepus,    The  fringe  of  the  filiform  papillaB  is  wanting. 
The  fi«nal  process  or  sublingual  plate  noted  by  Hunter  in 
Lemur  mongoz,  and  subsequently  observed  by  Owen  in  other 
Lemv/ridoBf  ia  a  lingual  character  in  Cebua,  Maccuma,  and 
Atelea.    In  Ateles  the  process  is  flattened,  the  tip  bifurcate^ 

YOL.  XXVL  (N.8.  vol,  VI.)  2  D 


892  MR  FBEBEBICK  TUCKERMAN. 

and  the  edge  more  or  less  fimbriated.  It  measures  6*5  mm.  in 
length,  and  4*5  mm.  in  width  at  point  of  attachment  to  the 
frsenum. 


Oustatory  Structures, 

The  CvnywmvalUvte  PapUloB, — Fapilke  vary  greatly  in  size, 
and  are  occasionally  lobate.  The  summita  ctf  the  aiukeoor  pair 
do  not  project  hum  tire  openings  of  the  trenches,  and  hence 
ikefmre  more  protected  than  the  posterior  pair.  They  measure 
fix>m  0*70  to  2*30  mm.  transversely,  and  are  0*75  mm.  in  height. 
Serous  glands  are  fairly  abundant  and  occur  within  the  papillaa. 
The  ducts  open  at  the  usual  pleu^es.  The  bulbs  are  disposed  on 
the  lateral  area  of  the  papillae  in  ten  tiera  A  few  scattered 
bulbs  are  also  present  on  the  free  upper  surface,  and,  more 
rarely,  may  be  found  embedded  in  the  epithelium  of  the  outer 
wall  of  the  trench.  The  bulbs  are  closely  set,  and,  in  crowded 
tiers,  number  one  hundred  and  forty.  The  mean  is  probably 
one  hundred.  They  measure  0051  mm.  in  length  and 0*027  mm. 
in  breadth. 

The  Lateral  Ghistaiory  Organs, — The  organs  are  flattened  or 
slightly  rounded  on  top,  and  measure  8  nun.  in  length  and 
4*5  mm.  in  breadth.  The  folds  are  fairly  uniform  in  size,  and 
twelve  of  the  fifteen  bear  bulbs.  The  furrows  are  narrow,  and 
measure  0*65  mm.  in  depth.  Serous  glands  are  fairly  plentiful 
and  occur  within  the  folds.  The  ducts  open  into  the  furrows  at 
their  deeper  part.  The  bulbs,  of  which  there  are  some  ten 
tiers,  measure  0*051  mm.  in  length  and  0*027  mm.  in  breadth. 

The  fungiform  papillae  are  of  normal  structure.  Those  about 
the  tip,  more  especially  its  under  part,  are  richly  supplied  with 
bulbs.  Here  they  are  numerous  but  small,  and  in  some  papillae 
form  a  row  of  ten  or  more,  which  extends  across  the  entire 
width  of  the  summit. 

I  failed  to  detect  terminal  bulbs  in  the  sublingual  plate  in 
Cebus  or  Maca/ms,  In  Atdes,  however,  they  are  quite 
numerous,  especially  in  the  fungiform  papillae,  where  I  have 
counted  as  many  as  sixteen  bulbs  in  a  single  vertical  section. 
They  are  also  embedded  in  the  epithelium  of  the  free  margin 
to  some  extent.    One  that  I  measured  was  0065  mm.  in  length, 
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the  average  length,  however,  is  0*048  mm.,  the  breadth  being 
0O3O  mm.  Non-medullated  nerve-fibres  enter  the  axes  of  the 
fungiform  papillae  of  the  plate,  and  form  a  network  beneath  the 
bulb-bearing  region.  Qlands,  presumably  of  the  mucous  type, 
are  present ;  there  being  a  main  central  clump,  and,  near  each 
lateral  border,  a  smaller  one.  It  is  highly  probable,  I  think, 
that  the  sensory  terminal  organs  of  the  sublingual  plate  are 
tactile  rather  than  gustatory  in  function. 


ON  A  METHOD  OF  EXAMINING  BLOOD,  BONE, 
MARROW,  &c.  By  Robert  Muir,  M.A.,  M.D.,  Assistant 
to  the  Professor  of  Pathology,  Edinbv/rgh  University, 

Ik  examining  blood  in  normal  and  in  pathological  conditions, 
I  have  chiefly  employed  till  recently  two  methods  of  making 
permanent  preparations ;  viz.,  Ehrlich's  method  of  making  films, 
which  are  dried,  and  afterwards  fixed  by  heating,  Imd  the 
method  of  fixing  the  blood  by  dropping  it  into  Flemming's 
strong  solution,  imbedding  the  drops  in  paraffin,  and  cutting 
sections.  The  latter  method  shows  the  structure  of  leuco- 
cytes, &C.  very  well,  and  is  specially  valuable  in  cases  of 
leucocythsemia  where  the  leucocytes  are  numerous;  but  the 
characters  of  the  red  coi-puscles  are  poorly  shown,  and  in 
ordinary  conditions  few  leucocytes  are  seen  in  one  section. 
Ehrlich's  method,  if  properly  employed,  preserves  the  characters 
of  the  red  corpuscles  well,  and  fixes  the  hsemoglobin,  besides 
having  other  advantages,  but  the  structure  of  nuclei  is  not  so 
well  preserved  by  it,  especially  if  these  be  of  large  size,  as  in 
many  of  the  cells  of  the  bone  marrow.  The  following  method 
overcomes  these  disadvantages.  Films  of  blood  are  made  on 
cover-glasses,  as  in  Ehrlich's  method,  care  being  taken  to  avoid 
any  pressure  on  the  films.  These  are  then  placed  at  once,  before 
any  drying  can  occur,  with  the  films  downwards,  on  the  surface 
of  a  saturated  solution  of  corrosive  sublimate  with  |  per  cent, 
sodium  chloride  added, — preferably  heated  to  a  temperature  of 
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about  SO''  c.  (though  this  latter  is  not  essential),  and  are  allowed 
to  remain  for  about  half  an  hour.  They  are  then  thoroughly 
washed  in  f  per  cent,  common  salt  solution,  taken  through 
successive  strengths  of  alcohol,  and  then  stained  in  the  same 
way  as  sections,  I  also  add  salt  in  the  same  proportion  to 
the  weaker  strengths  of  alcohol.  In  many  cases  some  of  the 
steps  may  be  admitted,  but  I  find  that  the  haemoglobin  and 
nuclear  structure  are  best  preserved  if  the  method  is  used  as 
described.  In  the  case  of  the  bone  marrow,  a  little  of  the  pulp 
is  brought  in  contact  with  a  cover-glass  once  or  twice,  so  as  to 
make  a  layer,  but  it  ought  not  to  be  spread  out,  e,g.  by  a  glass- 
rod,  as  thereby  the  cells  become  distorted.  The  cover-glass  is 
then  placed  in  the  fixing  solution.  Spleen  pulp,  the  juice  of 
lymphatic  glands,  of  tumours,  &a,  can  be  treated  in  the  same 
way.  The  stains  which  I  have  found  most  useful  are  Ehrlich's 
acid  haematozylin  with  aurantia  or  with  eosin,  saffiranin  with 
aurantia,  the  triple  stain  of  saffiranin,  hematoxylin  and  aurantiA) 
and  Biondi's  triple  stain. 

The  advantages  of  the  method  are  that  permanent  prepara- 
tions can  be  made  with  comparative  rapidity — in  little  over  an 
hour — ^that  the  haemoglobin  is  fixed  in  the  red  corpuscles,  and 
that  the  structure  of  nuclei  is  well  seen.  Especially  the  chro- 
matin threads  in  mitotic  figures  appear  with  great  distinctness, 
and  I  have  accordingly  found  the  method  very  useful  for  photo- 
graphic purposes. 


ON  THE  PEDAL  SKELETON  OF  THE  DOEKINQ 
FOWL,  WITH  REMARKS  ON  HEXADACTYLISM 
AND  PHALANGEAL  VARIATION  IN  THE 
AMNIOTA-  By  G.  B.  Howes,  Assistant  Profeaaor  of 
Zoology,  Royal  CoU.  Sd,  Lond.,  and  J.  P.  Hill. 

I.  Special. 

The  Dorking  fowl  is  well  known  to  be  the  only  living  bird 
possessed  in  the  adult  condition  of  a  pentadactylous  pes.  The 
only  recorded  descriptions  of  its  pedal  skeleton  are  those  of  adult 
structure,  and  Mr  J.  Cowper  has  made  the  study  of  its  pes 
the  subject  of  two  special  communications  to  this  Jov/nud.^ 

His  descriptions  and  figures  show  that  while  the  two  inner- 
most digits  of  this  pes  may  bear  each  but  two  phalanges,  three 
may  be  present  for  either  the  one  or  the  other,  and  that  the 
increase  in  length  of  the  entire  digits  is  proportionate  to  that  in 
number  of  their  phalangea  There  have  recently  come  into  our 
hands  the  feet  of  a  couple  of  Dorking  Chicks  in  which  (c/.  fig.) 
the  conditions  were  both  otherwise  and  especially  interesting, 
as  we  now  proceed  to  show. 

In  the  older  specimen  (figa  1  to  3)  the  three  outermost  digits, 
with  their  tarso-metatarsus  and  phalanges,  were  normal  for  both 
feet ;  and  the  distal  tarsal  elements,  although  still  cartilaginous, 
had  completely  fused  with  the  heads  of  the  metatarsals  The 
two  innermost  digits  were  symmetrical  on  either  side  through- 
out their  phalangeal  regions,  but  while  the  outer  of  the  two  (i) 
bore  but  two  phalanges  on  each  foot,  the  inner  one  bore  four. 
Fully-Developed  articulations  were  formed  in  relation  to  the 
individual  phalanges. 

The  two  innermost  digits  of  the  Dorking  fowl's  pes  are  well 
known  to  possess  a  conjoint  metatarsal,  and  Cowper  has  shown 
that  while  this  may  remain  free,  as  does  the  hallux  metatarsal 
of  the  common  fowl,  it  may  be  completely  ankylosed  to  the 
adjacent  tarso-metatarsu&  In  our  own  example  now  under 
consideration,  the  relations  of  this  element  were,  on  both  sides, 
exceptional  and  interesting.  As  compared  with  Cowper's 
figured  specimens,  its  distal  extremity  was  relatively  remote 

^  Jowr.  Anal,  and  Fhy$,,  toI.  xx,  pp.  598-595  ;  ibid,,  vol.  xziil  pp.  24^^-249. 
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from  that  of  the  tarso-metatarsas ;  and  comparison  with  the 
adult  shows  that  elongation  of  the  tarso-metatarsas,  subsequent 
to  ankylosis,  must  be  in  this  bird  chiefly  the  result -of  proximal 
extension.  In  the  right  pes  (fig.  1)  this  innermost  metatarsal 
(mf.)  was  firmly  ankylosed  to  the  adjacent  tareo-metatareus ; 
and  the  ankylosis  had  been  accompanied  by  an  inward  and 
downward  rotation  of  the  first-named  bone,  whereby  its 
proximal  extremity  (*,  fig.  1)  was  caused  to  project  freely  up- 
wards and  inwards  above  the  level  of  the  dorsal  border  of  the 
tarso-metatarsus.  Comparison  with  an  adult  in  our  possession, 
in  which  the  tarso-metatarsal  elements  were  all  immovably 
united,  suggests  that  a  prominent  tubercle  present  on  the  dorso- 
intemal  border  of  the  specimen  may  be  its  serial  homologue. 
The  two  innermost  digits  of  this  pes,  when  viewed  from  above, 
were  seen  to  be  more  nearly  superposed  than  appears  to  have 
been  the  case  with  all  adults  hitherto  described,  and  this  as  the 
direct  result  of  participation  in  the  rotation  of  their  metatarsus 
already  alluded  to  (supra).  In  the  left  pes  of  this  chick  (fig.  2) 
this  superposition  of  the  two  innermost  digits  had  become 
absolute,  and  the  outer  of  the  two  (L),  which  lay  dorsad  of  its 
fellow  (x),  articulated  upon  the  metatarsal  element  at  a  higher 
and  more  proximal  level  than  the  other.  As  the  result  of  these 
changes,  the  innermost  metatarsal  had  an  inverted  Y-shape 
(ttU.,  figs.  2  to  3) ;  its  most  remarkable  feature,  however,  was  its 
proximal  elongation  to  form  a  rod  of  bone  running  parallel  with 
the  adjacent  metatarsals,  and  articulating  (through  the  media- 
tion of  its  united  and  cartilaginous  distal  tarsal  element) 
upon  the  inner  condyle  of  the  tibio-tarsus.  This  perfectly 
unique  feature  presents  us  with  a  reversional  condition  of  the 
hallux  metatarsal,  not  only  unrepresented  in  the  adults  of  all 
known  birds,  but  in  the  ontogenetic  development  of  those  whose 
life-histories  have  been  worked  out — ^a  stage  in  evolution, 
moreover,  through  which  the  avian  reptile  Archceopteryx  had 
itself  passed,  for  the  nearest  counterpart  of  which  we  must 
go  back  upon  the  less  aberrant  tetradactyle  Dinosaurs. 

The  second  chick  which  we  propose  to  deal  with  was  much 
younger  than  that  above  described.  Its  feet  {cf.  fig.  4)  were 
s}rmmetrical  on  both  sides;  and,  as  with  some  of  the  adults 
described  by  Cowper,  the  two  innermost  digits  bore  each  two 
phalanges.    The  basal  phalanx  of  the  outermost  of  these  two 
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di^ta  was  in  articulation  with  the  metatatsns  (mt);  that  of 
the  innermost  digit  (a;)  however,  instead  of  articulating  with  the 
metatfiTsus  side  by  side  with  its  fellow  of  the  outermost  digit,  as 
appears  to  be  more  generally  the  case,^  was  set  upon  an  outgrowth 
of  the  proximal  phalanx  of  the  latter.  This  last-named  bone 
1  3. 


EXPUKATioN  or  FioDBE.— Fedftl  Skeleton  of  Dorking  Fowl  1.  Biglit  p«s  of 
advanced  chick,  dorsal  aspect  2.  Left  pe«  of  the  wine,  doraal  aspect. 
B.  Halloi  metatarsal  ot  Eg.  2,  bner  sBpect.  4.  Left  pes  of  a  younger  chick, 
donal  aspsct  All  Jc  2.  E.  The  two  innennoat  seta  of  pbalangeB  of  the  left 
pes  of  an  adult,  two-thirda  natural  siM.  i-ir.  Digits,  1  to  4.  x,  So-«allsd 
prehallui.    ml.,  Eallui  metatarsal. 

had  the  same  inverted  Y-shape  as  the  innermost  metatarsal  of 
the  specimen  previously  described  {wnte,  p.  396),  and,  on  com- 
parison of  the  two  structures  with  Cowper's  figure  in  which  the 
free  metatu«al  appears  to  have  been  in  an  essentially  similar 
condition,'  we  incline  towards  a  belief  that  the  two  innermost 
digits  of  the  Dorking  fowl's  pes  are  the  products  of  cleavage  of 
the  hallux,  and  that  the  differences  between  the  specimens  herein 
described  and  those  of  Cowper  (apart  from  variation  in  number  of 
their  phalanges)  are  those  of  degree  of  longitudinal  subdivision. 
>Qr.  Cowper,  lee.  eit.,  i.  y.  t>M.         'X«e.  eU.,  iip.  SIB,  right-hand  Sgura. 
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II.  Oeneral. 

In  the  earlier  of  his  two  papers  on  the  Dorking  fowl's  pes 
Cowper  sought  to  show  ^  that  the  digit  usually  regarded  as  the 

"  hallux,  possessing  two  phalanges,  is  really  the  second  toe,  and  that 
the  toes  usually  called  2nd,  3rd,  and  4th  are  the  3rd,  4th,  and  5th ; 
the  missing  toe  in  a  four-toed  bird  being  not  the  5th  but  the  hallux, 
and  the  so-called  hallux  being  the  2nd  toe." 

Falling  back  upon  argument  by  pure  analogy  to  the  mammalia, 
in  which  (citing  Flower)  he  says  that "  if  only  one  toe  is  absent  it 
is  the  first  or  hallux/'  he  deduces  the  final  conclusion  that  "  the 
bird  follows  the  mammalian  rule  in  this  respect."  And,  finally, 
in  his  later  communication,  dealing  with  a  hexadactyle  individual, 
he  remarks  :*— 

"  After  eliminating  the  cases  which  are  due  to  partial  or  complete 
duplicity  of  limbs,  and  judging  from  the  foregoing  facts  presented 
by  amphibians,  reptiles,  birds,  and  mammals,  bearing  upon  the  ques- 
tion of  hexadactylism,^  it  seems  possible  to  look  upon  the  condition 
occurring  in  man,  as  well  as  in  other  vertebrates,  as  a  case  of  reversion 
to  a  hexadactylous  form." 

His  first  proposition  would  thus  affirm  that  the  hallux  and  not 
the  fifth  toe  is  that  which  is  unrepresented  in  all  tetradactyle 
birds,  and  that  the  Dorking  fowl  has  alone  retained  the  missing^ 
member.  Four  years  prior  to  the  publication  of  Mr  Cowper's 
first  communication,  the  late  W.  A.  Forbes  showed  ^  that  the 
avian  pes  does  not  follow  a  uniform  plan  of  modification,  and  he 
emphasized  his  position  by  proving  that  the  hallux  is  not  always 
absent  even  in  the  tridactyle  birds.  He  showed  that  in  the 
Kingfishers  of  the  genera  Ceyx  and  Alcyone  possessed  of  a  tri- 
dactylous  pes,  it  is  the  second  digit  and  not  the  hallux  which 
undergoes  suppression.  Kukenthal  has  more  recently  dis- 
covered, on  the  mammalian  side,  that  in  the  whalebone  whales 
it  is  the  middle  digit  of  the  manus  which  has  suffered  suppres- 
sion and  not  the  poUex  as  has  been  universally  supposed.^ 

These  facts,  when  added  to  those  more  generally  known  con- 
cerning the  morphology  of  the  avian  and  mammalian  limbs, 

^Loe,cU.,l  p.  595.  *ZoccU.,u.  p.  248. 

'  Being  a  r^am^  of  certain  of  the  well-known  discoTeries  and  assertions 
of  Albrecht,  Bardeleben,  Baur,  and  Wiedersfaeim,  involving  theories  of  poly- 
daotylism,  whioh,  together  with  allied  observations  of  others,  he  incorporates  in 
his  papers. 

« Ibid.,  1882,  pp.  386-990.  ^AneU.  Anzeiger,  1890.  p.  709. 
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clearly  show  that  mere  argument  troia  rude  analogy  will  not 
suffice,  and  that  the  members  of  each  class,  having  been  subjected 
to  a  series  of  independent  modifications,  must  be  independently 
considered. 

Cowper's  whole  argument  rests  on  the  assumption  that  the 
innermost  digit  of  the  pentadactylous  Dorking  fowl's  pes  is  alone 
the  true  hallux ;  and,  in  his  final  attempt  to  defend  it,  he  falls 
back  upon  the  ''pre-halluz"  of  the  Anura,  the  *' tibial-sesamoid," 
and  those  well-known  fi:«gments  Mnging  the  mammalian  and 
amphibian  limbs  with  which  Bardeleben,  and  Wiedersheim  and 
Eehrer,  have  so  emphatically  dealt.  The  most  recent  enquiries 
into  these  structures  have  shown  them  to  be  in  the  highest 
probability  distinct  8ui  geTieris  from  the  normal  digits  of  the 
pentadactyle  limb,  if  not  from  each  other ;  and  Miss  Carlsson, 
who  has  lately  adduced  good  reason  for  believing  that  the 
marginal  nodules  of  the  mammalian  pes  are  progressive  rather 
than  vestigial  in  nature,  advances  equally  cogent  ones  for 
rejecting  hypotheses  which  would  relegate  them  to  a  common 
categoxy  with  the  amphibian  "pre-hallux."^ 

It  need  hardly  be  pointed  out  that  these  more  recent 
enquiries  lend  no  support  to  Cowper^s  belie£ 

Despite  the  fact  that  the  two  innermost  digits  of  the  penta- 
dactylous pes  of  the  Dorking  fowl  invariably  articulate  upon 
one  common  metatarsus  (rni.  of  figs.)  comparable,  in  all  its 
fundamental  relationships  to  the  rest  of  the  limb,  to  the  normal 
hallux  metatarsus  of  other  birds,  Cowper  has  throughout  regarded 
the  digits  themselves  as  distinct  structures  to  be  dealt  with 
independently.  In  assuming  this  attitude  he  takes  u^sufficient 
cognisance  both  of  the  variability  in  number  of  their  phalanges 
(as  compared  with  those  of  the  more  normal  constituents  of  the 
pes),  and  of  the  fiict  that  the  variations  met  with  in  his 
specimens  affect  the  two  digits  indifferently.  The  phalangeal 
formula  for  these  two  innermost  digits  in  his  examples  was 
either  2*2  or  3*2.  We  are  in  possession  of  an  adult  skeleton  in 
which  the  formula  for  the  right  pes  is  2*3,  that  of  the  left  (fig.  5) 
3*3.    This    specimen  is  of   importance  as  exemplifying    the 

^  Alt  CwlBBon,  Bihang  HU.  K.  Vd.  Akad.  Handl.,  Bd.  16,  Afd.  iy.  pp. 
1-40 ;  also  KerkandL  d.  BioL  Fer.,  Stookliolm,  Bd.  iv.  pp  1-5 ;  O.  Tomier, 
jtreh,/.  NaiwrgeBch,,  1891,  Bd.  1,  Hf.  2,  pp.  118-204.  (A  fuU  bibliography  wiU 
be  foond  incorporated  in  theee  monographa.) 
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maximum  elongation  of  the  hallux  yet  recorded,  not  only  for  the 
Dorking  fowl  but  for  any  known  bird ;  and,  considered  together 
with  those  facts  which  we  have  already  emphasized  (ante,  pp.  396 
and  397),  it  lends  no  support  to  Cowper's  belief  in  the  total 
independence  of  the  two  digits  in  question.  On  the  oontraiy, 
it  the  more  conclusiyely  shows  that  these  must  be  jointly  con- 
sidered, and  therein  supports  our  belief  that  they  together 
represent  a  cleft  hallux.  That  the  facts  are  the  more  readily 
intelligible  on  this  hypothesis  it  will,  we  trust,  be  admitted; 
and  the  recent  discovery  by  Ktikenthan  of  an  undoubted 
occasional  splitting  of  the  Cetacean  poliex  lends  welcome  and 
additional  support  to  our  argument. 

If  our  belief  in  the  derivation  of  the  supernumerary  digit  of 
the  Dorking  fowl's  pentadactyle  pes  by  cleavage  of  the  hallux 
be  denied,  the  only  alternative  which  appears  to  us  warranted 
by  the  facts  is  that  of  regarding  it  as  a  product  of  early 
established  lateral  outgrowth  of  its  fellow  in  articulation ;  and 
it  may  be  remarked  that  the  numerical  increase  of  the  phalanges, 
inexplicable  on  the  grounds  laid  down  by  Cowper,  when  viewed 
from  either  of  our  alternative  standpoints,  presents  only  a  minor 
difficulty  under  the  existing  state  of  our  knowledge — which 
shows  supemumeraiy  phalanges  to  be  everywhere  the  products 
of  extreme  specialisation.^ 

Comparison  of  the  Dorking  fowl's  pes  with  that  hexadacty- 
louB  type  of  appendage  met  with  in  mammals  in  which  the 
supernumerary  digit  occurs  on  the  preaxial  border,  suggests 
an  unmistakable  similarity  of  modification  between  the  two, 
especially  in  regard  to  the  great  number  of  cases  in  which  the 
two  innermost  digits  articulate  upon  a  common  metacarpal  or 
metatarsal  element.  This  has  been  lately  most  clearly  brought 
out  for  the  manus  by  Prof.  Windle,  in  a  tabular  r^sumd 
published  in  this  Journal;^  and  that  author  has  with  much 
justice  remarked^  that  these  two  innermost  digits  are,  in  con- 
sideration of  their  musculature, "  much  more  of  the  nature  of 
pollices  than  of  that  of  the  other  digits."  Reflection  upon 
these  £Eu;ts  appears  to  us  to  warrant  the  belief  that  a  common 
interpretation  will  ultimately  be  found  to  explain   both  the 

1  AncU.  Anzeiger,  1888,  p.  912  ;  1890,  p.  44. 

•  Cf.  especially  Kiikenthal  in  Spengers  Zoolog,  Jahrb,,  Bd.  ▼.  (Syst.)  Ht  8, 
p.  878. 

*  Jour,  Anat.  a/nd  Phya.,  vol.  zxvi.  p.  100.  *  Xoe.  eU,,  p.  106. 
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avian  and  mammalian  conditions  referred  to,  and  that  the  deduc- 
tion that  the  extra  digit  is  in  both  types  a  product  either  of 
cleavage  or  lateral  budding  of  the  normal  innermost  one  is  that 
with  which  the  known  facts  are  to-day  most  readily  harmonis- 
able.  If  this  be  accepted,  belief  in  the  reversional  character  of 
the  supernumerary  digit  or  digits  must  needs  presuppose  the 
origin  of  normal  ones  either  by  a  process  of  longitudinal  splitting 
or  of  recurring  lateral  outgrowth  of  the  limb  bud.  The  known 
facts  of  development  of  the  amniote  limb  show  that  the  digits 
arise  rather  by  the  marginal  fringing  of  a  plate,^  wherefore  they 
lend  no  support  to  the  reversionary  theory.  When,  finally,  it  is 
seen  that  current  research  in  palaeontology  is  bringing  us  more 
and  more  to  the  conclusion  that  the  Enaliosaurian  paddle,  so 
often  invoked  by  the  defenders  of  polydactyle  limb  theories,  is 
the  specialised  derivative  of  the  pentadactylous  limb  of  a  land 
reptile,*  the  only  safe  conclusions  warranted  by  the  facts  con- 
cerning both  the  Dorking  fowl's  pentadactyle  pes  and  that  type 
of  hexadactyle  limb  met  with  in  the  amniota  before  alluded  to, 
is  that,  as  concerns  their  supernumerary  parts,  they  are  both 
monstrous  formations  and  nothing  more,  and  that  arguments 
deduced  fix>m  their  study  in  support  of  hexa-  and  hepta^actyle 
limb  theories  are  premature  if  not  absolutely  visionary.  As 
affecting  the  evolution  of  the  bird's  limb,  they  are  no  more 
defensible  than  the  excalation  theory  of  Heusinger^  and  Tschan,^ 
upheld,  but  subsequently  rejected,  by  the  late  W.  K.  Parker.^ 

We  take  this  opportunity  of  emphasizing  a  consideration 
which,  while  it  must  have  occurred  to  the  minds  of  others,  has 
not,  so  &r  as  we  are  aware,  found  its  expression  in  print — viz., 
that  of  the  aflSnities  of  the  air-breathing  vertebrata,  as  estimated 
by  the  digital  characters  of  the  classes  thereof  It  is  every- 
where known  that  the  phalangeal  formula  of  all  mammals,  other 
than  the  Cetacea,  is  23333,  or  minus  that  number;  and,  if 
Eukenthal's  recent  argument  ®  in  fstvour  of  the  origin  of  the 
supernumerary  phalanges  of  the  Cetacea  from  dismembered 

^  Qf.  especially  HiBs  Johnson,  Quart.  Jour,  Micro.  <Sa.,  vol.  zxiii.  pp.  409 
et  uq.,  and  pi.  xxvii.  fig.  8. 

'  Cf.  Batur,  Zool.  Am.,  1886,  p.  245  ;  BeriekU  des  Oberrheiniaeh.  VereinSf  xx 
Vmrmimvdung;  Fraas,  DU  lehihijoaawria,  TaMngen,  1891;  KUkenthal,  ZooL  Jhb.^ 
loc  eit.,  and  the  works  of  Cniioni  and  Seeley  therein  cited. 

'  Meek,  Archiv,  Bd.  tL  p.  546. 

*  Rech.  9.  VExtr4miUAnL  des  Omaux€.d.  JB^pt.,  Inang.  Dissert,  Gen^,  1889. 

*  FhU.  Trans.,  1888,  B.,  pp.  S91,  392.  *  ZooL  Jhb.,  Uk.  cU. 
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and  duplicated  epiphyses  shall  stand,  the  formula  will  remain 
diagnostic  of  the  class.  Passing  to  the  lower  vertebrata,  we  find 
that  a  structure  originally  described  as  a  supernumerary  phalanx 
among  the  Anura  is  the  representative  of  an  inter-articular 
syndesmosis^^  and  we  think  it  not  unlikely  that  that  met  with  in. 
the  manus  of  the  Chelonian  genus  Ohitra^  will  be  found  to 
have  a  similar  significance.  Excluding  these  animals,  and  those 
in  which  there  is  reason  to  believe  numerical  increase  of  the 
phalanges  to  have  taken  place  in  adaptation  to  the  requirements 
of  an  aquatic  existence,  the  facts  as  they  to-day  stand  may  be 
expressed  in  the  following  tabular  form. 


Mammalia — 
23333  or  minus  by 
reduction* 


SavTcpnda — 
23454  or  minus  by 
reduction. 


Amphibia — 
22343  or  minus 


Ancestor  to  i"  a;. 
Phalangeal  formula,  ? «  23454  +  or  - 

The  central  consideration  which  we  wish  to  emphasize  is  that 
inasmuch  as  no  observed  amphibian,  either  living  or  extinct,  is 
known  to  have  borne  more  than  two  phalanges  upon  its  2nd 
digit,  neither  the  sauropsidan  nor  the  mammalian  types  can  be 
derived  from  that  of  the  amphibia,  except  by  a  process  of 
intercalation  such  as  there  is  no  evidence  to  support  The 
questions  herein  raised  are  sufficiently  obvious,  and  for  their 
solution  we  look  rather  to  the  palaeontologist    As  involving  the 

1  Howes  and  BavieB,  Proc,  Zool,  Soc,  1888,  p.  496. 

*  Boolenger,  BriU  Mus,  CaU  Chdonia/M^  &c.,  new  edit,  1889,  p.  240* 
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mammalia,  the  force  of  the  argument  against  a  belief  in  the 
amphibian  origin  of  the  class  is  second  only  to  that  of  Cope's 
diaoovery  of  the  mammalian  condition  of  the  limbs  in  the 
Theromorphous  Reptiles,^ 


NOTES  UPON  THE  SHOULDER  GIRDLE  OF  CERTAIN 
DICYNODONTOID  REPTILES.  By  G.  B.  Howes, 
AsaistarU  Profeaaor  of  Zoology,  Royal  CoU.  Sci.  LoncL 

The  following  notes  have  arisen  occasionally,  to  the  enquiiy 
embodied  in  the  concluding  paragraphs  of  the  foregoing  paper 
by  Mr  Hill  and  myself,  and  I  claim  the  bearings  of  the  ques- 
tions raised  upon  those  of  mammalian  affinity  as  sufficient 
justification  for  publishing  them. 

Professor  Seeley  has  lately  described  {PhU.  Trans,,  1888,  B., 
pp.  487-500)  the  remains  of  an  anomodont  reptile,  which  he 
has  designated  Keirognathue  cordylvs.  In  dealing  with  its 
shoulder-girdle  he  has  laid  stress  upon  the  pronounced  independ- 
ence of  a  plate-like  element  which  (after  Owen)  he  terms  a 
"  pre-coracoid,"  and  he  likens  this  to  the  epicoracoid  (termed  by 
him  the  "  pre-coracoid  ")  of  the  Monotremata.  All  post-Owenian 
investigation  into  the  morphology  of  the  pectoral  limb-girdle 
has  rendered  it  more  and  more  certain  that  if  the  term  "  pre- 
coracoid  "  is  to  be  retained,  it  can  only  apply  to  the  anterior  or 
clavicular  moiety  of  the  former.  Having  been  permitted  to 
point  out  in  this  Jourrud  (vol.  xxi.  p.  196)  that  the  epicoracoid, 
regarded  as  a  distinct  component  of  the  limb-girdle  of  living 
animals,  exists  only  in  the  mammalia,  I  have  been  naturally 
much  interested  in  Prof  Seeley's  communication.  In  the  same 
paper  he  incorporates  a  brief  account  of  a  fragmentary  shoulder- 
girdle  from  the  same  beds  as  his  KeirogncUhvs,  which  Prof. 
Owen  had  previously  described  (Brit  Mvs,  Cat.  of  the  Fossil 
Reptilia  of  HorUh  Africa,  pp.  55,  56)  as  that  of ''  a  small  Dicy- 
nodont ; "  and,  in  doing  this,  he  asserts  (p.  490)  that  it  "  may 

1  iVoe,  AnuTn  Auocfir  the  AdvanveemK  qf  Sd,,  vol,  zzxiiL  p.  471. 
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possibly  belong  to  the  same  genus  as  his  own  specimen  {Keiro^ 
gnathua).  Gomparisou  of  the  Oweniau  fossil  with  the  shoulder- 
girdle  of  the  living  Monotremes  leaves  little  roocn  for  doubt  that 
the  element  which  Owen  and  Seeley  have  termed  the  "  pre- 
coracoid  "  really  is  the  Cuvierian  epicoracoid.  In  describing  the 
shoulder-girdle  of  his  type  specimen  of  the  genus  Keirognathus, 
Prof.  Seeley  speaks  of  this  "  pre-coracoid  "  {loc.  db,,  p.  490)  as 
apparently  "  excluded  from  the  humeral  articulation ;"  while  the 
woodcut  which  largely  does  duty  for  his  redeacription  of  the 
Owenian  fragment  depicts  it  as  entering  considerably  into  the 
formation  of  that  cavity. 

It  is  not  a  little  remarkable  that  Owen  specially  described 
this  "  pre-coracoid  "  (loc,  dt,  p.  56)  as  excluded  from  the  cavity 
in  question.     The  bearings  of  this  matter  upon  the  problem  of 
mammalian  affinity  will,  I  trust,  be  sufficiently  obvious ;  and, 
having  myself  arrived  at  the  conclusion  (ioc.  cit,  p.  192)  that 
the  coracoid  process  of  the  Marsupialia  and  Placentalia  is  the 
homologue  of  the  Monotreme's  epicoracoid,  and  that  the  exclu- 
sion of  this  element  from  the  glenoid  facet  is  one  of  its  most 
characteristic  features,  I  have  eagerly  availed  myself  of  the  kind- 
ness of  my  friend  Mr  A.  Smith  Woodward  of  the  Natural  History 
Museum,  and  examined  the  fossils  afresh.    In  the  Keirognaihus 
slab  the  locality  of  the  presumed  coracoidal  elements  reveals 
neither  traces  of  skeletal  material  nor  the  certain  impressions  of 
coracoid  bones,  if  ever  they  lay  there.     Indeed,  the  specimen  is 
one  of  that  class  of  objects  which  lend  themselves  to  imaginary 
interpretation.     The  Dicynodont  fragment  shows  that  Owen's 
"  pre-coracoid  "  may  perhaps  have  entered  into  the  glenoid  facet 
to  at  most  an  insignificant  degree ;  it  is  clear,  however,  that  the 
girdle  was  that  of  a  young  animal,  and   that  a  considerable 
amount  of  cartilage  must  have  been  present  at  its  articular 
border — ^a  fact  which  renders  it  still  less  likely  that  the  "  pre- 
coracoid  ''  furnished  a  part  of  the  humeral  articulation.     It  so 
happens  that  the  trans-coracoidal  suture  is  particularly  weU 
defined  in  the  specimen,  wherefore  there  can  be  no  mistake  about 
the  boundary  lines  in  question.     Allowing  for  the  foregoing 
remarks,   Professor   Owen's  description  is  perfectly   accurate. 
There  is  nothing  in  the  specimen  which  warrants  either  the 
relations  depicted  in  Prof  Seeley's  woodcut  (JjOO.  eit,  p.  492,  fig. 
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1),  or  the  attitude  assumed  by  him  in  removing  the  fossil  from 
one  provisional  resting-place  to  another  and  less  secure  one 
which  he  has  himself  constructed.  The  specimen  has  since  been 
with  much  greater  reason  referred  by  Lydekker  (Brit  Mus. 
Cat  of  Fossil  Sept  and  Amphb.,  part  iv.  p.  52)  to  the  dic3mo- 
dont  genus  PtychosiaguTn ;  but,  although  this  author  is  silent 
concerning  the  humeral  articulation,  his  woodcut  (loc.  cit,  fig.  2, 
p.  16)  if  anything  exaggerates  the  error  of  that  of  Seeley. 
Lydekker  interprets  that  lobe  of  the  scapula  which  meets  the 
Owenian  "  pre-coracoid  "  as  the  acromion^  as  opposed  to  Seeley 
who  attributes  that  value  to  the  reflected  outgrowth  of  the  pre- 
scapular  border,  lying  dorsad  of  the  lobe  referred  to.  In  doing 
this,  Lydekker  falls  back  upon  the  specimen  numbered  47056^  in 
the  National  Collection,  in  which  he  asserts  the  acromion  of 
Seeley  is  "  situated  near  the  distal  extremity "  of  the  scapula. 
No  such  process  is  exposed  in  the  specimen  itself;  but,  as  viewed 
through  the  wall  case  in  which  it  stands,  a  mineral  enclosure 
lying  in  position  approximate  to  that  of  the  alleged  process 
might  readily  be  taken  to  represent  it.  But,  even  were  this 
^ot  so,^  the  differences  between  the  specimen  and  that  of  Owen 
and  Seeley  in  respect  to  the  process  under  immediate  discussiouf 
would  be  no  greater  than  those  between  the  undoubted  acromion 
of  Omithorhynchus  and  Echidna,  especially  when  variation  with 
age  and  growth  are  taken  into  account.  Concerning  the  pro- 
cess, the  interpretation  of  Seeley  is  much  the  more  in  harmony 
with  the  known  fiacts  of  morphology  of  the  recent  shoulder-girdle. 

1  Mr  Lydekker  has  since  described  (P.  Z.  S.,  1889,  pp.  573-575)  the  scapula  of 
a  similar  reptile  in  which  the  process  was  in  a  somewhat  more  distal  position  ; 
bnt  I  intentionally  omit  farther  comment  upon  that  specimen  and  upon  the 
undoubted  coracoids  of  Prof.  Seeley 's  Proeolophon  {Phil,  Trans.,  1889,  B.,  pp, 
275-277),  as  they  only  secondarily  affect  the  questions  herein  raised. 


A  CASE  OF  ABNORMALITY  OF  THE  FINGER  NAILS. 
By  W.  Ramsay  Smith,  B.Sc,,  Bemovstratar  of  AnoUomy 
Edinhwrgh  Schocl  of  Medicine,  Minto  House. 

The  subject  was  a  female  iufant,  bora  at  full  term,  well 
developed,  and  somewhat  over  the  average  size.  The  finger 
nails  at  first  sight  appeared  to  be  longer  than  usual ;  but  when 
closely  examined  they  exhibited  a  condition  different  bom  any- 
thing that  has  come  under  my  notice. 

The  nails  of  all  the  fingers  and  of  the  thumbs  showed  the 
same  peculiarity.  The  root  and  the  greater  part  of  the  body  of 
the  nail  were  quite  normal ;  but  as  the  thickened  part  of  the 
skin  overhanging  the  nail  was  traced  forwards^  it  gradually 
became,  on  each  side,  quite  continuous  with  the  side  of  the  nail, 
thus  obliterating  all  trace  of  the  curvilinear  groove.  At  the 
place  where  the  front  of  the  nail  ordinarily  presents  a  free 
margin  there  was  a  whitish  transverse  mark  (due  apparently  to 
the  nail  here  being  less  dense),  very  closely  resembling  the  free 
margin  of  the  nail  of  a  new-bom  child ;  but  more  careful  inspec- 
tion showed  that  although  the  nail  at  this  spot  was  apparently 
less  adherent  to  the  nail-bed,  there  was  realLy  no  free  margin  at 
all.  The  nail  was  continued  like  a  cap  or  shield,  or  a  veritable 
*'  hoof,"  downwards  over  the  tip  of  the  finger  as  a  thin  pinkish 
layer,  quite  inseparable  from  the  underlying  epidermis,  and  so 
continuous  at  its  margins  with  the  epidermis  that  one  could 
hardly  say  where  the  nail  stopped  and  the  normal  epidermis 
began  (see  fig.  1). 

The  nails  were  not  interfered  with  for  a  weeL  It  seemed  at 
first  as  if  they  might  break  at  the  transverse  markings,  but  they 
did  not  do  so ;  the  separation  began  at  the  most  outlying  mar- 
gin, the  separated  part  becoming  whitish,  wrinkled,  and  ragged. 
Some  of  the  nails,  which  were  giving  trouble  at  the  end  of  that 
time,  were  gently  raised  from  the  epidermis  at  their  separated 

^  In  this  description  I  have  not  followed  the  nsnal  method  of  anatomiGal 
naming,  but  have  described  the  nail  as  looked  at,  back  of  the  finger  upwaids, 
using  the  terms  forwards,  dovmwards,  &c.,  in  their  popular  meaning. 
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margins,  and  the  freed  portion  was  cut  with  a  pair  of  scissors. 
In  fig.  2j  a  and  b  show  the  lines  of  cutting,  the  distance  between 
a  and  b  being  slightly  exaggerated  in  the  representation.  The 
other  nails  were  left  imdisturbed,  and  at  the  end  of  a  fortnight 
they  had  grown  to  almost  the  normal  shape,  the  thin  cap 


Xf.3. 


Fig.  1.  Condition  of  the  nails  at  birth. 
Fig.  2.  Nail  cat  at  seven  days,    a,  by  the  lines  of  cnt. 
Fig.  8.  Nail  at  end  of  fourteen  days,    a,  ragged  margin  of  separation ; 
hj  part  of  the  nail  breaking  away. 
The  figures  are  all  drawn  about  twice  the  natural  size. 

separating  more  and  more  from  the  subjacent  epidermis,  be- 
coming white  from  the  presence  of  air  underneath  it,  and 
breaking  away  fiom  the  naU  at  the  pale  margin  already  men- 
tioned  as  corresponding  to  the  edge  of  a  normal  nail  (see 
fig.  3). 

At  the  end  of  a  month  all  the  nails  presented  very  much 
the  normal  appearance,  except  that  the  epidermis  at  the  extremi- 
ties  of  the  margin  of  the  naU  was  a  good  deal  ragged  along  the 
line  of  detachment  from  the  receding  nail.    The  sides  of  the 
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zudl  had  also  become  fairly  well  marked  o£F  from  the  epidermis, 
00  that  the  curvilinear  groove  could  be  traced  forwards  to  its 
usual  termination.  Later  on,  the  nails  and  neighbouring  epi- 
dermis became  perfectly  normal,  and  nothing  remained  to  show 
that  any  abnormal  condition  had  ever  been  present  There  was 
only  one  other  peculiarity,  not  an  uncommon  one,  which  appeared 
on  the  top  of  the  nail  near  the  root,  and  this  was  the  presence 
of  a  thick  layer  of  eponychium,  which  became  thinner,  and  dis- 
appeared altogether  as  it  was  traced  forwards  on  the  naiL 

The  toes  showed  none  of  this  abnormal  appearance,  with  the 
exception  of  the  great  toes,  which  showed  it  in  a  slight  degree. 

The  explanation  of  this  condition  appears  to  be  as  follows 
Usually  the  function  of  nail  production  is  limited  to  the  atratuTa 
luddura  of  that  part  of  the  finger  corresponding  to  the  nail- 
bed;  but  in  this  instance  it  would  appear  that  the  stratum 
Iticidum  of  the  tip  and  sides  of  the  finger  also  became  differen- 
tiated into  nail,  and  that  the  usual  brectch  of  continuity  of  the 
true  nail,  with  the  straium  lucidum  adjoining  it,  which  usually 
occurs  after  the  end  of  the  fifth  month  of  intra-uterine  life,^ 
and  results  in  the  formation  of  a  free  margin  to  the  nail,  did 
not  take  place  till  some  time  after  birth,  and  then  it  occurred 
at  the  free  margin  of  the  abnormal  naiL  After  birth  the  cells 
of  the  stratuTn  Iv/ndum  in  the  abnormal  nail  ceased  to  be 
formed  into  nail,  and  the  normal  etratum  comev/m  began  to 
appear  under  the  nail  substance  that  was  being  shed. 

1  QuaiD's  Anatomy,  tonth  editioo,  toI.  i.  part  2,  p.  419.  C/,  MacAlister's  Text- 
Book  qf  Human  Anatomy,  p.  277. 


A  RESEARCH  INTO  THE  NATURE  AND  ACTION  OF 
THE  ENZYMES  PRODUCED  BY  THE  BACTERIA. 
By  Allan  Macfadtek>  M.D.,  B.Sc.  (E4),  Grocera*  Beaecurch 
Scholar. 

The  researches  of  Nencki,  Bneger,  Drechsel,  and  others  have 
greatly  advanced  our  knowledge  respecting  the  composition  of 
proteid  bodies.  How  great  the  advance  has  been  will  be  seen 
by  anyone  comparing  their  researches  with  the  earlier  investi- 
gations of  Liebig,  Hlasiwetz,  and  Schutzenberger.  The  data 
obtained  are,  however,  not  yet  sufficient  to  enable  one  to  formu- 
late a  satisfactory  hypothesis  with  regard  to  the  constitution  of 
proteida  The  varied  nature  of  the  bodies  that  arise  from  the 
disintegration  of  prpteids  indicates  how  complex  their  chemical 
structure  must  be.  The  proteid  molecule  is  itself  a  "  complex  " 
of  groups  of  atoms.  These  groups  yield  different  decomposition 
products,  as  e.g.  Leucin,  Indol,  Skatol,  Methylmercaptan,  &c 
Chemical  research  has  not  yet  exhausted  the  number  of  these 
groups  or  of  their  derivatives.  The  chemical  structure  of  the  pro- 
teids  of  the  living  cell  is  still  more  complex.  Of  their  properties 
we  know  something,  of  their  constitution  nothing  or  next  to 
nothing.  These  proteids  have,  however,  certain  marked  charac- , 
teristics  which  differentiate  them  from  the  metabolic  products 
of  the  cell  itself  The  Enzymes  are  the  most  familiar  example 
of  this  group  of  proteids.  In  these  bodies  the  atoms  of  the 
proteid  molecule  have  undergone  a  change  in  po9ition.  This 
may  be  expressed  by  sa}ring  that  they  have  passed  from  a  stable 
to  an  unstable  condition.  If  we  consider  proteids  like  the 
peptones  we  find  that  they  are  stable  bodies.  Heat,  light,  &c., 
do  not  change  their  properties;  their  atoms  seem  to  be  in  a  state 
of  rest.  It  is  different  with  the  enzymes.  By  the  action  of 
heat,  light,  acids,  &c.,  they  lose  in  part  or  wholly  their  char- 
acteristic features,  and  pass  from  an  unstable  to  a  stable  modi- 
fication. They  have  therefore  been  termed  by  the  chemist 
"groups  in  motion"  on  account  of  their  close  resemblance  in 
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molecular  constitution  to  unstable  organic  compounds  of  an 
aldehyde  nature.  The  enzymes  thus  share  the  susceptibility  of 
the  protoplasm  that  produces  them  to  the  action  of  external 
agents. 

As  already  stated,  the  most  &miliar  examples  of  these  unstable 
albumens  are  the  enzymes.  Recent  bacteriological  research 
has,  however,  made  us  acquainted  with  a  group  of  bodies  to 
which  the  name  of  Toxalbumens  has  been  given.  Though  only 
a  few  have  as  yet  been  isolated,  their  number  is  probably  large. 
The  toxalbumens^  as  regards  their  properties,  have  much  in 
common  with  the  enzymes.  Just  as  heat,  light,  adds,  &c. 
weaken  or  destroy  the  ferment  action  of  the  enzymes,  so  do  the 
same  agents  weaken  or  destroy  the  toxic  action  of  the  toxal* 
bumena  The  toxalbumens  are  therefore  unstable  bodies.  like 
the  enzymes  they  are  soluble  bodies,  and  can  be  precipitated 
out  of  their  solutions  by  alcohol.  The  continued  action  of 
alcohol  weakens  or  destroys  their  poisonous  properties — e.g^ 
the  toxalbumens  of  diphtheria  and  tetanua  The  enzymes  are 
innocuous  in  the  digestive  tract;  they  are  toxic  when  in- 
jected subcutaneously.  The  toxalbumens  behave  in  the  same 
way. 

The  toxalbumens  and  the  enz3rmes  have  therefore  many 
points  in  common,  and  they  ore  probably  closely  related  in 
constitution. 

It  is  now  generally  accepted  as  proved  that  the  unicellular 
organisms  produce  enzymea  It  seemed  probable  to  the  writ^ 
that  the  study  of  the  formation  of  these  enzymes  would  also 
throw  light  on  the  mode  of  production  of  the  toxalbumens. 
Further,  that  the  methods  found  best  adapted  for  the  demon- 
stration of  the  action  of  the  enzymes  would  be  the  most  suitable 
to  use  for  the  study  of  the  toxalbumens.  An  answer  might  also 
be  found  to  an  important  question :  Are  the  toxalbumens  true 
proteids  formed  within  the  bacterial  cell  itself?  I  do  not 
refer  here  to  the  albuminates.  This  research  is  confined  to  the 
genuine  albumens  elaborated  by  the  living  cell ;  which  stand 
closest  to  it  in  constitution,  and  cannot  be  heated  above 
50""  C.  for  any  length  of  time  without  losing  wholly  or  in  part 
their  characteristic  propertiea  I  now  proceed  to  give  the 
results  of  my  experimenta    I  am  greatly  indebted  to  Professor 
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Von  Nencki  of  Berne  and  Professor  WolfThtigel  of  Gottingen  for 
much  kind  assistance  and  advice. 


I. 

Upon  the  production  of  a  proteolytic  Enzyme  by  the 

Bacteria. 

The  first  series  of  experiments  was  made  with  a  group  of 
Comma  organisms,  viz. : — 

1.  Koch's  Comma  bacillus  of  Cholera  asiatica. 

2.  Deneke's  cheese  spirillum. 
a  Vibrio  MetschnikoflF. 

4.  Finkler  and  Prior's  spirillum. 

These  micro-organisms  are  convenient  to  work  with,  as  a 
comparatively  low  heat  kills  them.  It  is  thus  possible  to 
sterilise  cultures  of  these  organisms  at  a  temperature  below 
100°  C.  without  completely  destroying  the  ferment  action  of  the 
fluid.    Four  series  of  experiments  were  made. 

A.  With  gelatine  cultures. 

B.  With  simple  meat-broth  culturea 

C.  With  peptone  meat-broth  cultures. 

D.  With  extracts  of  the  bacteria.' 

A.  Experiments  with  Gelatine  Cultures. 

Pare  cultures  of  the  above-mentioned  bacteria  were  made  in  10% 
gelatine.  These  w^e  kept  in  the  incubator  at  20**  C.  for  7-10  days. 
The  tubes  were  then  sterilised  in  the  water-bath  at  60°~65°  C.  for 
^  to  f  of  an  hour.  A  series  of  tubes  containing  10  c.c.  of  sterile 
10%  and  7%  gelatine  respectively  were  liquefied,  and  a  few  crystals 
of  menthol  added.  To  each  of  these  tubes  were  added  2  c.c.  or  1  c.c. 
of  the  sterilised  gelatine  cultures  of  the  bacteria  They  were  then 
placed  in  the  incubator  at  39"*  C.  along  with  control  tubes  of  10%, 
7%,  and  5%  gelatina  The  inoculated  and  control  tubes  were  taken 
out  of  the  incubator  at  intervals  of  24  hours.  The  gelatine  was  then 
cooled  down,  and  kept  in  a  cool  place  to  see  if  any  restiffening  took 
place,  or  if  it  remained  liquid.  Sterile  gelatine  was  also  inoculated 
from  the  tubes  in  order  to  make  sure  that  no  living  bacteria  were 
present. 

The  experiments  gave  the  following  results : — 

Series  1. — 2  ac.  of  the  sterilised  gelatine  cultures  of  the  bacteria 
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(7-10  days  growth)  added  to  10  c.c.   of 
gelatine. 


10%  gelatine  and  7% 


Day  Examined. 

10%  Gelatine. 

7%  Gelatine. 

1 

2         3 

4 

+ 

+ 
+  + 

1 

+ 
+  + 

2 

8 

4 

1.  Cholera, 

2.  Deneke, 

8.  Metscbnikoff, 

4.  Finkler  and  Prior,  . 

+ 

+ 
+ 

+ 

+ 
+ 
+ 

+ 
+  + 

+  + 
+  + 

Series  2. — 1  c.c.  of  the  sterilised  gelatine  culture  of  the  bacteria 
(7-10  days  growth)  added  to  10  cc.  of  10%  and  7%  gelatine. 


Day  Examined. 

•      10%  Gelatine. 

7%  Gelatine. 

I     '    2 

1 

8 

+ 
+ 
+ 

+ 

4 

■1- 

+ 

+ 

+  + 

1 
+ 

2 

+  + 

3 

+ 

+ 

+  + 

4 

1 

1.  Cholera, 

2.  Deneke,          • 

3.  Met8chnikoff,          • 

4.  Finkler  and  Prior,  . 

+ 
+ 

+  + 

+  -■  partial  liqaefaction  of  the  gelatine. 
+  +  —  complete  liqaefaction  of  the  gelatine. 

Series  3. — 2  cc.  of  the  sterilised  gelatine  cultures  of  the  bacteria 
(4-6  weeks  old)  added  to  10  c.c.  of  10%  and  7%  gelatine. 

It  will  not  be  necessary  to  tabulate  the  results  of  these  experimenta 
Only  the  sterilised  gelatine  cultures  of  the  Metschnikoff  and  Finkler  and 
Prior  organisms  produced  any  distinct  liquefaction  of  the  fresh  gelatine. 
The  liquefaction  also  was  after  four  days  partial  and  not  complete. 

Series  4. — 2-5  c.c.  of  the  sterilised  gelatine  cultures  of  the  bacteria 
(7-10  days  growth)  were  added  to  FiMn. 

After  four  days  there  was  no  apparent  disintegration  of  the  fibrin 
by  the  Cholera  and  Deneke  cultures.  The  Metschnikoff  and  Finkler 
and  Prior  cultures  produced  a  partial  disintegration. 

These  experiments  lead  one  to  the  following  conclusions : — 
The  bacteria  which  liquefy  gelatine  do  so  by  means  of  a  ferment- 
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like  body  or  eozyme  which  is  capable  of  exercising  its  liquefying 
power  on  gelatine  apart  from  the  cells  that  produced  it.  The 
sterUiaed  cultures  of  the  bacteria  liquefied  fresh  gelatine.  This 
fact  had  already  been  proved  by  the  researches  of  Sternberg, 
Bitter,  Lauder  Brunton  and  the  writer,  and  more  recently  by 
Fermi.  The  above  experiments  confirm  therefore  the  results 
obtained  by  these  observers.  I  may,  however,  mention  here 
that  boiled  gelatine  cultures  of  the  bacteria  did  not  liquefy 
fresh  gelatine.  The  liquefaction  was  not,  therefore,  due  to  the 
action  of  any  acid.  The  boiling  of  the  cultures  destroyed  not 
only  the  bacteria,  but  also  the  ferment  produced  by  them. 

With  regard  to  the  liquefying  power  of  the  sterilised  cultures 
of  the  bacteria  on  gelatine,  I  found  that  the  most  active  were 
the  Metschnikoff  and  Finkler  and  Prior  cultures.  The  latter,  in 
their  turn,  had  a  more  energetic  action  than  the  Metschnikoff 
cultures,  and  were  the  only  ones  able  to  liquefy  completely  10% 
gelatine. 

A  complete  liquefaction  of  77o  gelatine  was  produced  by 
sterile  cultures  of  all  four  organisms,  but  here  again  the 
Metschnikoff  and  Finkler  and  Prior  cultures  had  a  more  ener- 
getic action  than  the  Deneke  and  Cholera.  As  regards  lique- 
fying power  on  gelatine  they  stood  as  follows  : — 1,  Finkler  and 
Prior;  2,  Metschnikoflf;  3,  Cholera;  4,  Deneke. 

The  old  cultures  of  the  organisms  either  did  not  liquefy 
gelatine,  or  their  action  was  very  feeble.  After  4r-6  weeks  the 
Cholera  and  Deneke  cultures  did  not  liquefy  gelatine.  The 
Metschnikoff  and  Finkler  and  Prior  cultures  showed  a  very 
faint  action.  In  these  old  cultures  the  metabolic  products  of 
the  bacteria  had  probably  weakened  or  destroyed  the  ferment 
produced  by  the  cella  Finally,  the  action  on  fibrin  was  very 
feeble. 

The  experiments  made  to  determine  the  production  of  enzymes 
by  the  bacteria  have  in  most  cases  been  carried  out  with  gelatine 
cultures  of  the  micro-organisms.  The  method,  however,  does  not 
give  completely  satisfactory  results.  The  action  on  fresh  gelatine 
is  often  only  partial  or  very  slow,  whilst  on  fibrin  it  sinks  to 
a  minimum.  The  gelatine  cultures  seem  to  contain  very  little 
of  the  proteolytic  enzjmoie.  It  is  probable  that  in  a  highly 
nutrient  medium  like  peptone  gelatine  the  bacteria  secrete 
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very  little  of  the  enzyme.  There  is  so  much  easily  assimilated 
nutriment  present  that  the  bacteria  are  able  to  live  without  any 
"  struggle  for  existence  "  on  their  part.  In  such  a  rich  soil  the 
amount  of  food  is  far  in  excess  of  the  requirements  of  the 
bacteria,  and  there  is  less  necessity  for  an  active  secretion  of 
their  ferment.  Further,  in  a  solid  medium  less  of  the  enzyme 
passes  out  of  the  cells  by  simple  solution  than  in  a  fluid  medium. 
The  ferment,  too,  is  mixed  with  the  various  metabolic  products 
of  the  gelatine,  which  tend  to  weaken  its  action.  The  old  gela- 
tine cultures  of  the  bacteria  had  little  or  no  liquefying  power 
on  fresh  gelatine.  The  above  factors  would  explain  the  rela- 
tively small  effect  of  the  sterile  liquefied  gelatine  cultures  on 
10%  gelatine,  and  the  feeble  action  on  fibrin.  It  is  probably 
mainly  conditions  of  nutrition  that  determine  the  amount  of  the 
ferment  secreted  by  the  bacteria. 


B.  Uxperiments  with  Simple  Meat-Broth  Cultures, 

The  usual  meat  infusion  was  used,  u^.,  the  broth  obtained  by 
adding  to  1  lb.  of  beef  one  litre  of  water. 

To  the  infusion  \  per  cent,  of  sodic  chloride  was  added,  and  the  fluid 
was  rendered  faintiy  alkaline  with  carbonate  of  soda. 

Flasks  containing  100  c.o.  of  this  broth  were  iooculated  from 
cultures  of  the  four  common  organisms,  and  placed  in  the  incubator 
at  39**  C.  (In  the  case  of  Deneke's  spirillum,  the  optimum 
temperature  was  30'  C.)  On  the  third  or  fourth  day  the  broth 
cultures  were  transferred  to  test-tubes,  and  sterilised  at  60''-65*  G. 
in  the  water-bath,  ie.,  they  were  treated  in  exactly  the  same  way  as 
the  gelatine  cultures. 

I  will  here  detail  only  the  experiments  with  107o  gelatine  and 
with  fibrin,  as  they  will  amply  illustrate  the  results  obtained. 

Series  1. — 2  c.c.  of  the  sterile  meat-broth  cultures  of  the  bacteria, 
added  to  10  c.c.  of  107,  gelatine + menthol. 


Day  Examined. 

1 

2 

8 

1.  Cholera, 

2.  Deneke, 

3.  MetschDikoff,    .... 

4.  Finkler  and  Prior,     . 

+ 

+ 

+ 

+ 

+  + 

+  + 
+  + 
+  + 

+  —  partial  liq nefaction  of  gelatine. 
+  +  •-  complete  liqueflEMstioD  of  gelatine. 
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Series  2. — 5  c.o.  of  the  sterile  meat-broth  cultures  of  the  bacteria, 
added  to  fibrin  +  menthoL 

1.  ChoUra^    Complete  disintegration  of  the  fibrin  on  the  5th  day, 

2.  Deneke^                            „                   „                 „  5th  day. 

3.  Metsehnikoffy                   ,,                   „                 „  4th  day. 

4.  FinkUr  and  Friar,          „                   „                 „  3rd  day. 

In  control  tubes  containing  5  c.c.  of  fresh  broth  +  fibrin  and  men- 
thol, the  fibrin  remained  unchanged. 

Fresh  gelatine  was  also  inoculated  from  the  tubes  containing  the 
sterilised  meat-broth  cultures  +  fibrin  or  gelatine.  In  neither  case 
did  any  bacteria  grow  in  the  control  tubes. 

Series  3. — The  meat-broth  cultures  of  the  bacteria  were  also  con- 
centrated  to  one-half  of  their  volume  in  Brieger's  vacuum  distilling 
apparatus.  Of  this  concentrated  fluid  5  c.c.  was  added  after  steril- 
isation at  60°-65'' C.  to  fibrin  +  menthol. 

Results: — The  Cholera  and  Deneke  cultures,  treated  in  this  fashion, 
digested  the  fibrin  on  the  fourth  day.  The  Metschnikoff  and  Finkler 
and  Prior  cultures  digested  the  fibrin  on  the  third  day. 

The  digestive  action  on  fibrin  was  therefore  a  little  stronger  in  the 
concentrated  than  in  the  unconcentrated  meat-broth  cultures. 

Series  4. — A  series  of  experiments  made  with  Eggalhumen, 

The  results  of  these  experiments  may  be  mentioned  here,  as  they 
serve  to  bring  out  one  interesting  point. 

5  C.C.  of  the  sterilised  and  unconcentrated  meat-broth  cultures  of 
the  bacteria  were  added  to  coagulated  eggalbumen  +  thymol.  The 
tubes  were  placed  in  the  incubator  at  39*  C. 

The  Cholera  and  Metschnikoff  cultures  disintegrated  the  eggal- 
bumen on  the  second  or  third  day. 

The  Deneke  and  Finkler  and  Prior  cultures  only  disintegrated  the 
eggalbumen  on  ihe  fourth  or  fifth  day.  The  ferment  action  of  the 
Cholera  and  Metschnikoff  cultures  was  therefore  more  energetic  on 
eggalbumen  than  on  fibrin,  and  exceeded  that  of  the  Deneke  and 
Finkler  and  Prior  cultures.  On  the  other  hand,  the  Finkler  and 
Prior  cultures  had  a  more  energetic  action  on  fibrin  than  any  of  the 
others.  Thus  the  proteolytic  action  of  the  enzymes  produced  by 
the  bacteria  varies  on  different  forms  of  albumens.  The  proteolytic 
action  may  be  weak  on  fibrin,  and  yet  strong  on  eggalbumen.  The 
reverse  alao  holds  true.  The  ferment  action  of  the  bacteria  varies, 
therefore,  with  the  nature  of  the  soil  in  which  they  grow. 

C.  Experiments  tintk  Peptone  Meat-Broth  Ctiltures. 

2%  of  peptone  and  0*5%  of  sodic  chloride  were  added  to  the  meat 
infusion,  and  the  fluid  made  faintly  alkaline  with  carbonate  of  soda. 

Flasks  containing  100  c.c.  of  this  culture  fluid  were  inoculated 
from  pure  cultures  of  the  bacteria,  and  placed  in  the  incubator  at 
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39**  C.  On  the  third  or  fourth  day  the  peptone  broth  cultures  were 
transferred  to  test-tubes,  and  sterilised  at  60''-65*'  C.  in  a  water-bath, 
llie  ferment  action  of  these  sterilised  cultures  was  tested  on  gelatine 
and  on  fibrin. 

Series  1. — 2  c.c.  of  the  sterilised  peptone  meat-broth  cultures  of  the 
bacteria,  added  to  10  c.c.  of  107^  gelatine  +  menthol. 

Restdis : — 


Day  Examined. 

1 

2 

8 

4 

1.  Cholera,     •        .        .        . 

+ 

+ 

+  + 

2.  Deneke,     .        .        .        . 

+ 

+ 

+ 

8.  Metsclinikoff,    . 

+ 

+ 

+  + 

4.  Finkler  and  Prior,     . 

+ 

+ 

+  + 

-f  —  partial  liqaefaction  of  gelatine. 
+  +  ~  complete  liquefaction  of  gelatine. 

Series  2. — 5  c.c.  of  the  sterilised  peptone  meat-broth  cultures  of 
the  bacteria  added  to  fibrin  +  menthol. 

Results  : — 

2    Deneke    i  ^^  complete  disintegration  of  fibrin  on  t\ie  fifth  day. 

3.  Metschnikoff,  )  Complete  disintegration  of  fibrin  on  iXkd  fifth 

4.  Finkler  and  Prior,  j  day. 

The  experiments  detailed  under  headings  B.  and  C.  lead  one 
to  the  following  conclusions : — 

The  simple  meat-broth  cultures  of  the  bacteria  yield  a  more 
active  proteolytic  enzyme  than  the  gelatine  cultures.  There 
is  more  of  the  enzyme  present  in  the  simple  meat-broth  than  in 
the  gelatine.  Further,  the  simple  meat-broth  cultures  have  a 
more  energetic  action  on  fibrin  than  the  richer  and  more 
nutrient  broth  which  had  been  rendered  so  by  the  addition  of 
2%  of  peptone.  The  amount  of  the  soluble  ferment  albumen 
secreted  by  the  cells  is  determined  by  the  nutritive  require- 
ments of  the  micro-organisma  Less  is  secreted  in  a  rich  soil 
than  in  a  poor  soil,  where  a  greater  effort  has  to  be  made  for 
nutrition.  The  luxuriance  of  the  bacterial  growth  is  no  criterion 
as  to  the  amount  of  the  enzjme  present  in  the  culture  fluid. 
The  growth  of  the  bacteria  was  more  abundant  in  the  peptone 
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broth  than  in  the  simple  meat-broth,  yet  the  latter  had  a  more 
energetic  ferment  action. 

When  a  micro-organism  is  placed  under  conditions  inimical 
to  its  growth,  more  of  the  soluble  cell  proteids  pass  over  into 
the  surrounding  medium  than  is  the  case  where  the  conditions 
are  &vourable.  This  fact  would  have  great  pathological  interest 
if  we  can  prove  that  these  unstable  soluble  proteids  of  the 
bacterial  cells  possess  toxic  propertiea  I  will  detail  later  on 
some  animal  experiments  with  reference  to  this  point. 

The  above  experiments  have  shown  that  the  best  medium 
for  the  productions  of  these  soluble  cell  proteids  is  simple  meat- 
broth,  and  that  with  it  the  best  results  are  to  be  obtained. 

There  is  evidently  only  a  fractional  amount  of  the  enzymes 
present  in  the  gelatine  cultures  of  the  bacteria.  A  much  larger 
amount  is  present  in  the  meat-broth  cultures,  though  the 
amount  is  also  probably  fractional  The  enzymes  being  soluble 
bodies,  would  it  not  be  possible  to  extract  them  directly  from 
the  bacterial  cells  ?  If  successful,  this  would  undoubtedly  be 
the  best  method.  We  would  obtain  the  bacteria  as  free  as 
possible  from  their  metabolic  products ;  and  the  extracts  would 
contain  the  soluble  cell  proteids  in  a  purer  form. 

The  following  experiments  were  made  with  the  view  of 
elucidating  this  point. 

D.  Experiments  with  Extracts  of  the  Bacteria, 

A  small  quantity  of  nutritive  Agar-Agar  was  placed  in  Erlenmeyer 
flasks  of  200-250  c.c.  capacity.  The  Agar-Agar,  after  sterilisation, 
^vas  allowed  to  stiffen  on  one  side  of  the  flask.  In  this  way  a  large 
surface  was  obtained  for  inoculation  with  the  bacteria.  The  Agar  was 
inoculated  from  pure  cultures  of  the  Cholera ;  Deneke ;  Metschnikoff 
and  Finkler  and  Prior  organisms.  The  bacteria,  by  means  of  a 
platiniun  wire,  were  well  distributed  over  the  whole  surface  of  the 
Agar.  The  fiasks  were  then  placed  in  the  incubator  at  39°  C,  with 
the  exception  of  the  Deneke  cultures,  which  grew  best  at  30°  C. 

In  this  way  a  large  surface  growth  of  the  bacteria  was  obtained  in 
two  to  three  days.  The  growth  was  then  scraped  off  with  a  blunt, 
sterilised  platinum  spatula,  and  transferred  to  small  Erlenmeyer  flasks 
or  to  test-tubes. 

The  following  methods  of  extraction  were  tested. 

(1)  Extraction  with  CMoroform  Water. 

Chloroform  water  was  added  to  the  bacteria,  and  the  tubes  or 
flasks  placed  in  the  incubator  at  39*"  C.  for  3-4  days.    They  were 
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tiien  kept  at  30*  C.  for  three  days  longer.  At  the  end  of  that  time 
they  were  taken  for  the  ezperiment&  It  was  found  that  the  bacteria 
settled  at  the  bottom  of  the  tube  or  flask,  and  the  supernatant 
fluid  could  thus  be  removed  with  a  pipette  from  the  deposit. 

5  0.0.  of  the  watery  extract  were  added  to  fibrin  or  eggalbumen. 
I  found  that  the  digestive  action  on  these  proteids  was  very  slight, 
and  was  not  to  be  compared  with  the  ferment  action  of  the  meat-broth 
cultures  of  the  same  bacteria.  It  was  evident  that  simple  extraction 
with  water  alone  would  not  suffice.  These  experiments  were  therefore 
abandoned. 

(2)  Ex^action  with  pure  undiluted  Glycerine, 

These  experiments  also  did  not  give  any  satisfactory  results. 

(3)  Extraction  with  Glycerine  4-  Water, 

It  was  found  that  this  method  gave  the  best  results,  and  that  the 
best  concentration  to  use  was  a  40%  solution  of  glycerine  in  water. 
The  bacteria  were  cultivated  on  agar  in  the  manner  already 
described.  On  the  third  or  fourth  day  the  growth  was  scraped  off 
with  a  platinum  spatula,  and  placed  in  small  Erlemneyer  flasks  or 
in  tubes.  The  40%  glycerine  was  then  added.  The  bacteria  were 
extracted  for  four  days  at  39"*  C,  and  for  three  days  at  SO""  C, 
altogether  one  week. 

The  same  bacteria  were  used  as  on  the  previous  experiments.  I 
found  that  the  comma  organisms  were  particularly  well  adapted  for 
extraction  with  glycerine.  For  example,  the  solvent  action  of  the 
glycerine  on  Koch's  comma  bacillus  is  so  great  that  the  organisms 
disappear  almost  entirely.  The  conuna  micro-organisms  would  there- 
fore probably  yield  the  best  results.  If  one  succeeded  at  all,  it  would 
be  with  these  bacteria.  Experiments  made  with  them  would  furnish 
data  for  further  researches  with  other  bacteria.  For  these  reasons 
the  first  series  of  experiments  was  made  with  the  spirillL 

When  the  remains  of  the  bacteria  had  settled  at  the  bottom  of  the 
tube  or  flask,  the  supernatant  fluid  was  removed  with  a  pipette.  An 
advantage  of  this  method  is  that  it  obviates  the  necessity  of  sterilis- 
ing the  fluid  by  heating.  The  glycerine  itself  has  an  inimical  action 
on  the  bacteria,  and  if  one  adds  a  small  amount  of  thymol  or 
menthol  the  extracts  remain  absolutely  sterile. 

The  glycerine  extracts  prepared  as  above  were  tested  on  gelatine, 
fibrin,  and  eggalbumen, 

I.  Experimewts  vnih  Gelatine, 

\st  Series, — 1-2  c.c.  of  the  glycerine  extracts  of  the  bacteria  were 
added  to  10  c.c.  of  7%  gelatine  in  test-tubes,  so  that  the  extract 
formed  a  layer  on  the  surface  of  the  gelatine.  A  mark  was  made 
on  the  outside  of  the  tubes  at  the  line  of  junction  between  the 
gelatine  and  the  extract.  In  this  way  one  could  observe  if  any 
liquefaction  of  the  gelatine  took  place  from  above  downwards.     I  am 
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indebted  to  Dr  Fermi  for  this  method.    The  tubes  were  kept  in  the 
incubator  at  20'  C. 

Besults : — ^The  amount  of  liquefaction  noted  on  the  fourth  day  was 
as  follows : — 

1.  Cholera,     •        •        •     ^  inch  of  gelatine  liquefied, 

2.  Deneke,     .         .         .     : ;  inch  „  „ 

inch 


3.  Metschnikoff,     .         .     i 

4.  Finkler  and  Prior,      •    f  indi 


»  99 

if  f» 


2nd  Series, — 1  c.c.  of  the  glycerine  extracts  of  the  bacteria  was 
added  to  10  c.a  of  7%  gelatine.  The  tubes  were  kept  at  80*  C.  and 
39*  C.  On  the  third  day  the  glycerine  extracts  of  the  bacteria  had 
completely  liquefied  the  gelatine.  In  the  case  of  Finkler  and  Prior 
the  gelatine  was  liquefied  on  the  second  day.  The  results  were  the 
same  when  the  tub^s  were  kept  at  a  temperature  of  39*  C.  or  30*  C. 

II.  BxperimetUs  with  Fibrin. 

3-5  C.C.  of  the  glycerine  extracts  of  the  bacteria  were  added  to 
fibrin  +  menthol     The  tubes  were  kept  in  the  incubator  at  39*  G. 

RetuLU : — 

1.  Cholera^  )  Complete  disintegration  of  the  fibrin  on  the  third  to 

2.  DenekCf   J      fourth  day. 

3.  Metschnikoff^  „  „        on  the  second  to  third  day. 

4.  Finkler  and  Prior,      „  ,,        on  the  second  day. 

III.  Experiments  with  Eggalbumen, 

3-5  ac  of  the  glycerine  extract  of  the  bacteria  added  to  eggal* 
bumen  +  menthoL 

Results  :— 

1.  Cholera,    Complete  disintegration  of  eggalbumen  on  second  to 

third  day. 

2.  Deneke,  „  „  on  fourth  to  fifth  day. 

3.  Metschnikofff  „  „  on  second  to  third  day. 

4.  Finkler  and  Prior,  „  „  on  fourth  to  fifth  day. 

Control  inoculations  were  in  all  cases  made  on  fresh  gelatine,  to 
make  sure  that  the  fluids  had  remained  sterile. 

These  experiments  demonstrate  that  the  glycerine  extracts  of  the 
bacteria  contain  a  proteolytic  enzyme  which  liquefies  gelatine  and 
digests  fibrin  and  eggalbumen. 

Glycerine  extracts  which  had  stood  in  the  laboratory  for  two 
months  had  little  or  no  e£fect  on  gelatine,  fibrin,  or  eggalbumen.' 
The  proteolytic  ferment  produced  by  these  bacteria  is  evidently  of  a 
very  unstable  natture,  and  when  separated  from  the  cells  that  produce 
it  becomes  readily  converted  into  an  inactive  modification. 
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Whilst  the  fresh  gljoerine  extracts  had  a  distinct  ferment  action, 
there  were  variations  in  the  action  due  to  the  nature  of  the  soil. 
Thus  the  Cholera  and  Metschnikoff  extracts  had  a  more  energetic 
action  on  eggalbumen  than  the  extracts  of  the  Finkler  and  Prior 
spirillum.  On  the  other  hand,  the  Finkler  and  Prior  extract  had  a 
more  energetic  action  on  fibrin  than  either  the  Cholera  or  Metschni- 
koff extract. 

To  sum  up  shortly  the  results  of  these  experiments : — 

1.  The  fresh  glycerine  extracts  made  from  young  agar  cul- 
tures of  the  Cholera,  Deneke,  Metschnikoff  and  Finkler  and 
Prior  spirilli  contain  an  enzyme  which,  like  trypsin,  is  capable 
of  digesting  proteids. 

2.  The  enzyme,  when  extracted  from  the  cells  that  produce  it, 
does  not  retain  its  ferment  action  for  any  length  of  time.  At 
the  end  of  two  months  the  glycerine  extracts  had  no  action  on 
proteids. 

3.  The  ferment  action  of  the  glycerine  extracts  varies  accord- 
ing to  the  nature  of  the  soil,  as  the  experiments  with  fibrin 
and  eggalbumen  prove. 

The  filtering  of  the  glycerine  extracts  through  biscuit  porce- 
lain cells  has  presented  difficulties  which  I  have  not  yet  satis- 
factorily overcome. 

In  a  second  paper  the  results  will  be  given  of  experiments 
made  with  the  glycerine  extracts  of  anthrax  and  other  patho- 
genic bacteria 

II. 

Upon  the  'presence  of  a  diastaiic  Enzyme  in  the  Glycerine 

extracts  of  the  Bacteria. 

It  was  next  of  interest  to  ascertain  if  the  glycerine  extracts  of 
the  bacteria  contained  a  diastatic  enzyme. 

The  action  of  pure  cultures  of  the  bacteria  on  starch  was  first 
tested. 

A  starch  paste  was  made  by  boiling  1*5-2%  of  starch  in  water. 
This  paste  was  poured  whilst  still  hot  into  test-tubes,  and  sterilised 
in  the  usual  way.  On  cooling,  some  starch  flocculi  settled  at  the 
bottom  of  the  tubes :  these  flocculi  enable  one  to  gauge  in  a  rough 
fashion  the  action  of  the  bacteria  on  the  starch.  The  first  change 
undergone  by  the  starch  is  its  conversion  into  a  soluble  form.  If 
one  shakes  a  tube  containing  sterile  starch  paste,  the  flocculi  do  not 
disappear :  on  the  other  hand,  if  one  shakes  a  tube  in  which  a  micro- 
organism is  diastasing  the  starch,  the  flocculi  disappear  and  pass 
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completely  into  solution.  Further,  the  paste  loses  its  milky  appear- 
ance, it  becomes  watery  and  transparent  The  control  tube,  on  the 
other  hand,  remains  viscid,  milky^  and  opaque.  In  this  fashion  one 
can  note  with  what  rapidity  the  starch  is  being  diastased. 

The  starch  paste  was  inoculated  from  pure  cultures  of  the  Cholera, 
Deneke,  Metschnikoff,  and  Finkler  spirilli.  It  is  an  advantage  to  add 
at  the  same  time  a  few  drops  of  meat-broth.  The  tubes  were  kept 
at  39'  C.  or  30"  C. 

Besults  : — 

1.  Cholera^  Starch  flocculi  disappear  on  second  day. 

2.  Denekey  „  „  on  third  day. 

3.  MeUchnikoff^         „  „  on  third  day. 

4.  Finkler  and  PrioTy     Starch  flocculi  still  present  on  fifth  day. 

One  sees  from  these  preliminary  experiments  that  the  first 
three  microbes  had  an  action  on  the  starch,  and  that  the  fourth 
produced  no  apparent  change.  The  starch  cultures  were  next 
tested  chemically.  If  one  wishes  to  compare  the  results  obtained 
with  the  different  bacteria,  other  tests  must  be  employed  besides 
Fehling's.  It  is  then  important  to  ascertain  not  only  if  sugar 
•  is  present,  but  if  the  starch  has  been  wholly  or  partially  diastased 
by  the  bacterium. 

The  method  used  in  this  research  was  based  on  the  successive 
changes  starch  undergoes  when  being  converted  into  sugar. 
These  are  as  follows : — 

1.  Original  starch,  )      j^^^  ^  ^^^^ 

2.  Soluble  starch  (amylo  dextrin)  ] 

3.  DextrineSf  Erythro-dcxtrin  -h  Iodine  =  violet  and  red. 

Achroo-dextrin  I  •.  t  j-         n 
MaltcHiextriu    | +lodme-0. 

A     \f  If        j  Reduces  Fehling's  solution. 

'    I  Does  not  reduce  Barfoed's  reagent. 

6    Dftrf     e  i  ^®*^^®®8  ^*^  Fehling's  solution  and  Barfoed's 
'  (      reagent. 

Another  test  employed  was  found  to  be  very  useful, — viz.,  the 
addition  of  caustic  soda  to  the  starch  paste.  If  no  yellow  coloration 
is  produced,  dextrose  is  not  present;  if  the  fluid  becomes  yellow, 
either  dextrose,  maltose,  or  milk  sugar  may  be  present.  I  found  that 
the  intensity  of  the  colour  produced  by  adding  caustic  soda  was 
always  proportional  to  the  amount  of  reduction  of  Fehling's  solution 
— i,e,,  the  deeper  the  tinge  of  yellow  produced,  the  greater  the  reduc- 
tion of  Fehling,  and  vice  versa. 

BarfoecTs  reagent  consists  of  1  part  of  the  neutral  acetate  of  copper 
dissolved  in  15  parts  of  water.  To  200  c.c.  are  added  5  c.c.  of  a 
38%  solution  of  acetic  acid. 
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Bes^dts : — Starch  paste  inocvlated  from  pure  cultures 

of  the  bacteria. 


1 
2 
8 
4 

1 
2 
8 

4 

CaoBtic  Soda, 

Iodine. 

Fehling. 

Barfoed. 

1.  Cholera. 

faint  yellow 
deep  yellow 
orange  yellow 

II 

blae 
violet 
red 
0 

faint  reduction 
distinct  reduction 
copious  pp. 
II 

0 

1* 
It 
II 

2.  Denelce. 

0 
faint  yellow 
yellow 

II 

blue 

1* 

violet 
red 

0 
faint  reduction 
distinct  reduction 

II 

II 

II 
II 
>i 

8.  Metschnikoff. 

1 
2 
8 
4 

1 
2 
8 
4 

0 
yoUow 

orange  yellow 

blue 

II 

violet 
red 

0 
distinct  redaction 
copious  pp. 

II 

99 
*f 
»> 

4.  Finkler  and  Prior. 

0 

0 

faint  yellow 

II 

bine 

It 
II 

0 

11 

>i 

faint  reduction  (f) 

« 
II 

1* 

99 
II 

The  tubes  were  kept  at  a  temperature  of  SO""  and  SQ''  C. 

From  these  experiments  it  will  be  seen  that  the  Cholera, 
Deneke,  and  Metschnikoff  organisms  diastased  the  starcL  The 
action  of  the  Finkler  and  Prior  spirillum  was  almost  nil ;  on  the 
fourth  day  there  was  only  a  faint  reduction  of  Fehling's  solution. 
The  Cholera  spirillum  had  the  most  active  diajstatic  action; 
its  action  was  more  rapid  and  energetic  than  that  of  the  Deneke 
or  Metschnikoff  organisms.  As  already  stated,  the  action  of  the 
Finkler  spirillum  was  almost  nU  on  the  starch.  The  Finkler 
spirillum  which  had  the  strongest  action  on  gelatine,  had  the 
weakest  action  on  starch.  On  the  other  hand,  the  Cholera 
spirillum,  which  had  the  weakest  liquefying  power  on  gelatine, 
displayed  the  strongest  diastatic  action  on  starch.  The  action 
on  the  starch  was  marked  at  the  end  of  twenty-four  hours,  when 
Fehling's  solution  was  reduced.  The  starch  cultures  of  the 
Deneke  and  Metschnikoff  organisms  first  reduced  Fehling's 
solution  after  forty-eight  hours.    On  the  fourth  day  the  starch 
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had  disappeared  altogether  in  the  Cholera  cultures,  and  no 
reaction  was  given  with  iodine.  None  of  the  other  organisms 
completely  diastased  the  starch.  The  experiments  I  have  made 
lead  me  to  the  conclusion  that  the  diaaixUic  action  of  the 
Cholera  spirillum  greatly  exceeds  its  proteoljrtic  action.  In 
other  words,  its  ferment  action  is  more  marked  on  carbohydrates 
than  on  proteids.  If  we  compare  the  ferment  action  of  the 
Finkler  with  that  of  the  Cholera  spirillum,  we  may  say  that  the 
characteristic  enzyme  in  the  former  case  is  a  proteolytic,  in  the 
latter  a  diastatic  one. 

The  Cholera  spirillum  is  thus  specially  adapted  for  growth  in 
a  carbohydrate  soil.  The  presence  of  carbohydrates  will  rather 
favour  than  hinder  its  growtL  If  a  carbohydrate  food  such  as 
rice  is  present  in  the  digestive  tract,  it  will  furnish  a  most 
favourable  nidus  for  the  Cholera  organism.  In  such  a  soil  it 
will  rapidly  multiply,  and  set  up  at  the  same  time  a  most  active 
fermentation. 

The  action  of  the  glycerine  extracts  of  the  bacteria  on  starch  paste 
was  next  tested. 

The  glycerine  used  had  no  reducing  action  on  Fehling's  solution, 
nor  had  it  any  action  on  the  starch. 

1  c.c.  of  the  sterile  glycerine  extracts  of  the  bacteria  was  added  to 
the  starch  paste,  with  the  following  results  : — 


Dmrof 

Ezamina- 

Caustic  Sod. 

Iodine. 

Fehlinff. 

Barfoed. 

tloo. 

1.  Cholera. 

1 

0 

Blue 

0 

0 

2 

Faint  Yellow 

Blue 

Reduction 

3 

Yellow 

Violet 

do. 

4 

do. 

Red 

do. 

2.  Deneke. 

1 

0 

Bine 

0 

2 

Faint  Yellow 

do. 

0 

8 

do. 

do. 

Reduction 

4 

Yellow 

do. 

do. 

S.  Metschnikoff. 

1 

0 

Blue 

0 

2 

Faint  Yellow 

Violet 

0 

3 

YeUow 

do. 

Reduction 

4 

do. 

do. 

do. 

4.  Finkler  and  Prior. 

1-4 

0 

0 

0 

It  will  be  seen  that  the  glycerine  extract  of  Finkler's  spirillum 
had  no  action  on  the  starch.  On  the  other  hand,  the  extracts 
of  the  Cholera,  Deneke,  and  Metschnikoff  spirilli  diastased  the 
starch.    The  Cholera  extract  was  the  most  active.    The  starch 
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paste  to  which  it  was  added  reduced  Fehling'a  solation  gd  the 
second  day.  The  negative  results  with  Barfoed's  reagent  indi- 
cate that  the  sugar  produced  hj  the  bacteria  is  probably  of  the 
nature  of  a  maltose. 

These  experiments  prove  that  the  glycerine  extracts  of  the 
bacteria  which  diastase  starch  contain  an  enzyme  which,  when 
separated  fixnn  the  cells  that  produce  it,  is  capable  of  con- 
verting starch  into  sugar.  Further,  it  was  already  shown  that 
the  glycerine  extracts  of  the  same  bacteria  contain  also  a  pro- 
teolytic enzyme. 

Experiments  were  also  made  with  a  view  of  determining  the 
presence  or  absence  of  a  vniUc  curdling  ferment  in  the  gljrcerine 
extracts  of  the  bacteria.  These  experiments  are  still  being 
carried  on,  but  the  results  are  not  yet  of  a  sufficiently  definite 
character. 

It  is  of  great  importance  to  investigate  the  influence  of  the 
bacteria  on  the  coagulating  power  of  the  blood.  This  question 
has  also  engaged  the  attention  of  the  writer,  and  will  be  dealt 
with  in  a  future  paper.  One  interesting  point  may,  however,  be 
mentioned  here. 

A  nutrient  medium  was  prepared,  consisting  of  blood  serum, 
glycerine,  and  water.  This  mixture  did  not  coagulate  on  boil- 
ing. It  was  inoculated  from  pure  cultures  of  the  Cholera  and 
the  Finkler  spirillum.  The  organisms  grew  well  in  this  soil 
On  the  third  day  after  inoculation  there  was  a  complete  coagu- 
lation of  the  blood  serum  in  the  tubes  inoculated  with  the 
Cholera  spirilluuL  There  was  no  coagulation  in  the  tubes  inocu- 
lated with  Finkler's  spirillum.  This  striking  difference  in  the 
action  of  these  two  organisms  on  the  blood  serum  opened  up  a 
fresh  line  of  inquiry,  and  when  sufficiently  advanced  its  results 
will  be  given. 

The  action  of  the  Glycerine  extracts  of  the  Bacteria  on 

Loew's  ReagenL 

In  the  introduction  to  this  paper  mention  was  made  of  certain 
striking  differences  that  exist  between  the  proteids  of  the 
living  cell,  and  other  forms  of  albumens  such  as  the  Peptones. 
The  latter  are  stable  bodies.  By  the  action  of  heat,  light,  be. 
they  do  not  change  their  properties.    The  Enzymes,  on  the  other 
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handy  are  unstable  proteids*  Heat,  light,  acids,  and  alkalies 
weaken  and  finally  destroy  their  obantcteristic  properties.  In 
this  respect  they  share  the  sensitiveness  of  the  protoplasm  itself 
to  external  agents.  The  toxalbutnens  produced  by  the  bacteria 
have  also  an  unstable  constitution.  They  are  readily  trans- 
formed into  an  inactive  modification,  and  lose  their  toxic  pro- 
pertiea  The  diemical  structure  of  the  unstable  proteids  differ, 
therefore,  from  that  of  the  stabla  What  that  difference  really 
is,  remains  a  matter  of  conjecture.  The  distinction  may  consist 
in  a  different  grouping  of  the  atoms  in  their  molecule.  As  re- 
gards their  unstable  chemical  constitution,  an  analogy  is  to  be 
found  in  certain  organic  chemical  compounds.  The  aldehydes, 
for  instance,  are  veiy  unstable  bodiea      The  aklehydes  contain 

the  aldehyde  group  C^  .  They  easily  undergo  oxidation  on 
simple  exposure  to  the  air, — e.g.. 


CHa-C^      =  CH3COOH. 

AcetaldAbyde.  Acetic  Add. 

Further,  tiiey  easily  reduce  metallic  oxides,  especially  the 
oxide  of  silver,  in  alkaline  solution. 

CHj-C/^  +  AgjO  *  CH,.COOH  +  Ag^. 

Nencki  also  found  that  very  dilute  alkaline  solutions  of 
albumens  absorbed  oxygen  slowly  firom  the  air.  Loew's  well- 
known  researches  prove  that  the  living  protoplasm  of  certain 
Algae  reduces  a  dilute  alkaline  solution  of  silver.  In  this  respect 
the  chemical  structure  of  the  albumens  of  the  living  cell  may 
resemble  that  of  those  organic  bodies  which  contain  in  their 
molecule  the  unstable    and    easily  oxidised  aldehyde  group 

C^    .     The  dead  protoplasm  does  wA,  reduce  the  oxide  of 

silver. 

The  question  suggested  itself — Have  Uie  active  ferments 
produced  by  the  bacteria  a  similar  action  on  the  oxide  of  silver 
to  that  of  the  living  protoplasm  ? 
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The  glycerine  extracts  of  the  bacteria  were  accordingly  tested 
with  Loew's  reagent.  It  was  possible  that  Loow's  reagent 
might  be  a  valuable  test  for  ascertaining  the  presence  or  absence 
of  an  active  ferment  in  the  glycerine  extracts  of  a  micro- 
organism. 

The  fresh  glycerine  extracts  of  the  Cholera,  Deneke,  Met- 
schnikoff,  and  Finkler  spirilli  were  added  to  Loew's  reagent 
along  with  a  small  quantity  of  menthol.  The  glycerine  and  the 
menthol  did  not  reduce  the  silver  solution.  The  fresh  glycerine 
extracts  of  the  Cholera  spirillum  and  the  vibrio  Metschnikoff 
produced  a  distinct  reduction  of  the  oxide  of  silver.  The 
extracts  of  the  Deneke  and  Finkler  spirilli  also  reduced  the 
silver  solution,  though  not  so  actively  as  was  the  case  with  the 
two  former  organisms.  The  tubes  during  the  experiments  were 
protected  from  the  action  of  light. 

The  active  reduction  of  the  silver  by  the  extracts  of  the 
Cholera  spirillum  and  vibrio  Metschnikoff  might  be  due  to  the 
presence  of  a  larger  amount  of  the  soluble  cell  proteids  in  the 
extracts  than  was  the  case  in  the  extracts  of  the  Deneke  and 
the  Finkler  spirillum. 

A  large  number  of  experiments  will  have  to  be  made  with 
other  micro-organisms  before  one  is  in  a  position  to  estimate  the 
value  of  this  t^t.  These  experiments  will  decide  if  the  reducing 
action  on  silver  is  a  general  one,  or  confined  to  certain  bacteria. 

Loeufs  Reagent  is  prepared  as  follows  : — 

No.  I.     13  CO.  of  a  solution  of  Potash — 1-333  spec.  gr. 
10  0. a  of  Ammonia — 0'96  spec.  gr. 
77  CO.  of  Water. 
No.  II.   1  per  cent,  solution  of  Nitrate  of  Silver. 
Immediately  before  use  1  c.c.  of  No.  I.  is  mixed  with  1  c.c.  of  No. 
II.  and  diluted  to  a  litre. 

The  glycerine  extracts  of  the  bacteria  do  not,  of  course,  con- 
tain the  active  ferments  produced  by  the  bacteria  in  a  pure 
form.  They  are  mixed  with  other  soluble  albumens  of  the  cell 
protoplasm,  of  whose  natnire  we  as  yet  know  little. 

The  glycerine  extracts  yielded  precipitates  with  alcohol; 
ammonium  sulphate ;  acetic  acid  and  ferrocyanide  of  potassium. 
Also  with  acetic  acid  and  sodic  chloride.  The  glycerine  extracts 
therefore  contain  a  group  of  bodies  of  an  albuminose  nature.   The 
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active  ferments  adhere  to  the  alcoholic  precipitates,  though  the 
alcohol  weakens  their  action.  The  alcoholic  precipitates  pro- 
duced a  pctrtial  liquefaction  of  gelatine,  and  had  also  a  feeble 
diastatic  action  on  starch.  The  writer  is  still  engaged  upon  the 
chemical  examination  of  these  precipitates. 


Anvmcd  Experirn^eTits, 

The  action  of  the  glycerine  extracts  on  animals  was  next 
tested. 

I  will  here  detail  experiments  made  with  the  extracts  of  the 
Cholera  spirillum  and  the  vibrio  Metschnikoff. 

Glycerine  extracts  not  more  than  a  fortnight  old  were  used. 

^  CO.  of  the  glycerine  extract  was  diluted  to  I  co.  with  water,  and 
injected  into  a  guinesrpig  under  the  skin  <^  the  abdomen. 

In  both  cases  the  result  was  a  marked  and  rapid  fall  in  tempera- 
ture of  the  animals,  as  will  be  seen  from  the  following  Tables. 


L 

Glycerine  Extract  of  Cholera  SpvHMum, 

The  injection  was  made  at  11.15  a.m. 

Time  11.16  a.m.  Temperatwre  98*4*  F. 

„      11.30  „  97-9 

„      11.46  „  96-9 

„      12.15  P.M.  95-8 

„      12.30   „  94-8 

„      12.45    „  96 

2         „  95-6 

„        2.25    „  95-6 

„        3        „  95-6 

„        4        „  96-6 

„     •  5         „  95-8 

„        6         „  96 

• 

On  the  next  day  the  temperature  of  the  animal  was  again  normal. 
The  animal  did  not  die.  The  marked  symptom  was  the  great  fall 
in  temperature  produced.  One  hour  and  a  half  afier  the  iiyection 
the  temperature  had  fallen  to  95*"  F.,  and  remained  subnormal  for 
seven  to  eight  hours.  After  twenty-four  hours  it  had  risen  again  to 
98*4*  F.  The  glycerine  extract  of  the  Cholera  spirillum  produced 
therefore  in  guinea-pigs  a  oharacteristic  symptom  of  cholera  asiatica 
in  man. 
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IL 
Glycerine  Extract  of  Vibrio  Meiichnikoff. 
The  injection  was  made  at  11  ^M. 


Time  11       a.x. 

Temperature 

!  98'4*  F. 

11.15  „ 

97-2 

11.30  „ 

97-2 

11.45  „ 

96 

12.15  P.M. 

9$'4 

12.45  „ 

97-2 

1.15  „ 

97 

2.30  „ 

98-4 

Here  also  there  was  a  marked  and  rapid  fall  in  temperature.  The 
minimum  was  96*  F.^  as  oompared  with  95"*  F.  in  the  Cholera  experi- 
ments. The  recoverj  also  was  more  rapid,  and  three  and  a  half 
hours  after  injection  the  temperature  had  risen  to  the  normaL 

The  glycerine  extracts  of  the  Cholera  and  Metschnikoff  spirilli 
therefore  contain  soluble  cell  proteids  which  have  a  toxic  effect 
on  animals.  These  toxalbumens,  if  not  identical  with  the  fer- 
ments produced  by  the  bacteria,  are  closely  related  to  them  in 
constitution.  They  are  in  any  case,  like  the  ferments,  intra- 
cellular  products.  They  are,  further,  rapidly  absorbed  when 
injected  into  animals;  producing  an  almost  immediate  toxic 
effect 

The  results  obtained  with  the  Cholera  and  Metschnikoff 
spirillum  have  led  me  to  extend  these  experiments  te  anthrax 
and  other  pathogenic  bacteria.  These  investigations  will  be 
communicated  in  a  further  paper.  The  toxic  effects  of  the 
glycerine  extracts  of  the  bacteria,  and  of  the  precipitates  obtained 
from  them,  will  then  be  fully  gone  into. 

I  will  conclude  this  paper  with  a  brief  summary  of  the 
results  of  the  above  researches : — 

1.  The  bacteria  which  liquefy  gelatine  do  so  by  means  of  a 
soluble  ferment  or  enzyme.  The  action  of  the  enzyme  on  gela- 
tine can  be  demonstrated  apart  from  the  cells  that  produced  it 

2.  The  amount  of  this  proteolytic  enzyme  secreted  varies 
according  to  the  nature  of  the  soil.  The  amount  present  in 
gelatine  cultures  of  the  bacteria  is  relatively  small.  The 
amount  secreted  in  simple  meat-broth  cultures  is  much  laiger. 
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3.  It  is  probably  conditions  of  nutrition  which  regulate  the 
amount  of  enzyme  secreted,  as  the  simple  meat-broth  cultures 
had  a  more  active  ferment  action  than  the  gelatine  or  peptone 
meat-broth  cultures. 

4.  Simple  meat-broth  is  the  best  medium  for  the  production 
of  these  soluble  ferments. 

5.  The  action  of  the  ferments  varies  with  the  nature  of  the 
soil.  The  Cholera  enzyme  had  a  more  energetic  action  on 
eggalbumen  than  on  fibrin.  The  ferment  produced  by  Finkler's 
spirillum  had  an  opposite  effect. 

6.  The  glycerine  extracts  of  the  bacteria  also  cixitain  the 
active  ferments. 

7.  The  glycerine  extracts  contain  not  only  a  proteolytic,  but 
also  a  diastatic  enzyme  which  converts  starch  into  sugar.  The 
soluble  cell  proteids  can  therefore  be  extracted  from  the  cells  by 
means  of  glycerine,  and  their  action  demonstrated. 

8.  The  most  active  enzyme  produced  by  the  Cholera  spiril- 
lum is  a  diastatic,  and  not  a  proteolytia 

9.  The  glycerine  extracts  of  the  spirilli  reduce  Loew's 
reagent,  in  this  way  acting  like  the  protoplasm  of  the  living 
cell 

10.  The  glycerine  extracts  which  contain  the  active  ferments 
of  the  bacteria,  possess  also  toxic  propertiea  The  soluble  cell 
proteids  which  possess  these  toxic  properties  are  closely  related 
in  constitution  to  the  ferments,  and  may  be  identical  with 
them,  or  a  modification  of  them.  The  account  of  these  investi- 
gations will  be  continued  in  a  second  paper. 


REPORT  ON  RECENT  TERATOLOGICAL  LITERATURE.  By 
Bkrtram  C.  a.  Windlb,  M. A.,  M.D.,  D.So.,  Professor  of  Anatomy 
in  the  Queen's  College^  Birmingham, 

In  commencing  this  second  Report  on  Teratological  Literature,  it  may 
be  as  well  to  state,  for  the  sake  of  avoiding  oriticiBm  and  misunder- 
standing,  that  limitations  of  time  itnd  space  forbid  the  mention  of 
many  papers  otherwise  worthy  of  attention.  I  have,  therefore,  pre- 
ferred to  deal  chiefly  with  those  which  are  least  accessible  to  English 
workers, — a  decision  which  will  account  for  the  exclusion  of  yarious 
articles  and  cases  which  have  appeared  in  periodicals  published  in 
this  country. 

General. — In  an  important  paper,  His  (I.)  refers  to  the  valuable 
information  which  may  be  obtained  from  the  examination  of  a  number 
of  early  abortions,  some  of  which  are  the  subject  of  malformations, 
using  that  term  in  the  narrower  sense,  but  the  greater  number  of 
which  belong  to  the  class  of  imperfect,  or  *'  abortive,"  forms.  These 
he  divides  into  three  groups : — 1.  nodular  embryos,  where  a  more  or 
less  rounded  body,  attached  to  the  chorion,  is  the  only  remains  of  the 
embryo ;  2.  cylindrical^  where  the  embryo  exists  as  a  more  or  less 
sack-shaped  structure,  with  a  varying  amount  of  obliteration  of  the 
normal  external  form ;  3.  contorted^  where  the  embryo  is  bent  in  one 
or  more  irregular  ways.  To  these  abortive  embryos  the  author  in 
question  had  already  drawn  attention  (1),  and  similar  malformed 
embiyos  are  the  subject  of  a  paper  by  Kollmann  (2) ;  but  a  further 
examination  of  the  subject  has  led  the  author  to  the  following  con- 
clusions :  (1)  embryos  which  for  some  reason  have  remained  stationary 
in  their  development  may,  without  decomposition  or  absorption, 
remain  within  their  membranes  for  weeks  or  even  for  months ;  (2) 
the  first  change  which  manifests  itself  in  abortive  embryos  is  a 
marked  swelling  of  the  central  nervous  organs,  as  a  consequence  of 
which  more  or  less  remarkable  transformations  of  the  head  occur; 
(3)  very  shortly  afterwards  an  invasion  of  the  different  tissues  by 
wandering  cells  takes  place ;  the  original  limits  of  the  organs  thus 
become  obliterated,  and  though  their  cells  remain  visible  for  some 
time,  they  appear  finally  to  become  broken  up ;  (4)  the  appearances 
visible  externally  as  an  index  of  the  internal  changes  are — the 
embryo  becomes  cloudy  and  soft,  and  all  the  existing  surface-markings 
become  less  distinct.  The  author  points  out  that  the  existence  of 
active  wandering  cells  in  the  tissues  is  in  no  sense  a  proof  of  the  life 
of  the  embryo,  tibough  the  question  is  still  doubtful  as  to  where  these 
cells  take  origin.  Other  questions  which  are  raised  by  an  examina- 
tion of  the  conditions  under  consideration  are  as  to  why  the  mem- 
branes of  such  embryos  continue  to  grow  and  the  liquor  amnii  to 
increase,  and  why  the  embryo  does  not  become  decomposed.  Again, 
what  are  the  causes  which  induce  the  early  death  of  the  embryo  f 
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and  are  the  changes  in  form  of  Buch  embryoe  Beoondary  to  their 
death  ?  or  is  the  abortiveness  a  conseqnence  of  the  primitive  forma- 
tion of  the  embryo  at  the  time  of  impregnation  7 

A  posthumous  paper  of  Saint-Ange  (II.)  gives  an  acoount  of  a 
foatus  of  the  class  Phoeomelia,  presentmg  some  points  of  interest. 
The  placenta  had  on  its  uterine  surface  nine  indurated  patches,  of  a 
nacreous  colour,  from  1*0  to  4*0  cm.  in  diameter,  and  formed  by 
masses  of  chorionic  villi  in  a  state  of  fibrous  degeneration.  Each  of 
these  was  surrounded  by  a  blackish  zcme  of  blood,  which  had  become 
extravasated  by  rupture  of  the  decidua.  There  were  six  toes  on 
each  foot,  and  six  digits  on  each  hand.  The  middle  phalanx  was 
only. represented  by  a  cartilaginous  nodule  in  the  case  of  all  the 
digits  and  toes  save  the  poUex  and  hallux.  The  bones  of  the  carpus 
and  tarsus,  unseparated  from  one  another,  formed  irregular  masses. 
The  two  bones  of  each  leg  were  united  to  one  another.  The  femora^ 
with  the  exception  of  tiiieir  heads,  were  almost  unformed.  The 
humeri  were  united  to  the  bones  of  the  forearm.  There  was  a  widely 
patent  foramen  ovale,  and  a  left  superior  vena  cava  opened  into  the 
right  auricle.  There  was  a  cleft  palate,  and  the  tongue  was  very  small 
and  fastened  down  in  front  to  the  floor  of  the  mouth  by  a  short  frsd- 
nimL  This  case  having  been  submitted  to  Dareste,  was  pronounced 
by  him  to  be  of  special  interest,  because  all  instanoefl  of  similar  mal- 
formation hitherto  recorded  have  been  unaccompanied  by  defects 
other  than  those  of  the  limbs.  He  considers  that  all  the  defects  in 
this  case  save  the  sexdigitism,  may  be  explained  by  an  arrest  of 
development.  Symington  and  Thomson  (III.)  have  described  a  foetus 
which  may  be  mentioned  here,  because,  although  they  do  not  give  it 
that  name,  their  description  and  the  figure  attached  closely  resemble 
the  appearances  of  a  Phocomelous  monster.  The  departures  from 
the  normal  in  the  skeleton  in  this  case  affected  those  portions  which, 
formed  in  cartilage,  largely  depend  for  their  growth  during  foetal  life 
upon  endochondral  ossification,  and  the  cause  of  the  departure  was  a 
premature  arrest  or  absence  of  this  process.  The  condition  of  the 
bones  is  fully  described  in  the  paper.  The  authors  are  of  opinion 
that  the  condition  is  not  one  of  foetal  rickets,  but  are  less  certain 
whether  it  is  cretinoid  in  its  nature.  It  may  be  noted  that  Sanger 
(3)  some  years  ago  described  a  similar  foetus,  and  in  his  figure  repre- 
sents sections  of  a  rib  of  the  foetus,  of  rickety  bone  and  of  normal 
bone.  He  discusses  the  relation  between  the  condition  he  describes 
and  that  met  with  in  rickets. 

C<mgenital  Neoploimata  receive  full  attention  at  the  hands  of 
Cristiani  (lY.),  who,  at  the  conclusion  of  his  paper  (the  exhaustive 
nature  of  which  may  be  judged  by  the  fact  that  the  bibliography 
contains  over  700  references),  states  that  all  the  principal  forms  of 
neoplasmata  which  are  observed  in  the  adult  may  also  be  met  with  in 
the  new-bom  child,  that  there  is  no  reason  to  consider  that  con- 
genital neoplasmata  differ  in  any  way  from  those  appearing  in  after 
years,  and  that  a  certain  number  of  neoplasmata  undoubtedly  owe 
their  origin  to  embryonic  inclusions,  a  number  probably  greater  than 
is  usually  admitted. 
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Agabdiaci. — Boss  (V.)  describes  an  (Bdematoos  acardiac  in  which 
the  limbs  were  swollen  to  three  or  four  times  their  normal  size.  The 
upper  part  of  the  body  consisted  of  a  rounded  mass,  which  on  section 
showed  cavities  full  of  a  pale  yellow  fluid,  the  connective  tissue  being 
also  infiltrated  with  the  same.  There  was  no  thorax,  arms,  or  head. 
The  abdomen  contained  two  kidneys  and  an  ill-developed  intestine, 
but  no  liver,  spleen,  or  pancreas.  This  oedematous  condition  of 
acardiacs  has  been  dealt  with  by  Alban  Doran  (4),  and  has  been  ao- 
oounted  for  by  Abelfeld,  by  the  smallness  of  calibre  of  the  veins,  pro* 
ducing  a  stasis.  Birmingham's  observation  (5)  as  to  the  absence  of  a 
thoracic  duct  in  an  oedematous  foetus  (not  acardiac)  is  worthy  of  note 
in  this  connection  as  possibly  pointing  to  another  explanation.  A 
similar  acardiac  to  the  one  above  mentioned  is  described  by  Alezais 

(VI.). 

Duplicity. — ^Virchow  (VII.),  allndmg  to  the  brothers  Toed,  shown 
by  him  to  the  Anthropologisches  Gesellschait  of  Berlin  in  1886, 
showed  the  skeleton  from  a  case  of  Xiphodymia^  pointing  out  espe- 
cially the  arrangements  of  the  two  parallel  vertebral  columns.  He 
states  that  the  features  of  these  cases  prove  that  these  malformations 
cannot  be  caused  by  the  union  of  two  already  formed  bodies,  but  that 
the  disturbance  originating  them  must  occur  at  a  period  of  embryonic 
life  when  the  individual  parts  are  not  formed.  Moreover,  that  the 
symmetrical  arrangement  of  the  monster  shows  that  the  embryonic 
cell-groups  at  the  time  of  the  disturbance  must  have  been  in  their 
original  closely  connected  condition.  Burci  (VIII.)  describes  a 
perineal  tumour  which  he  designates  pertneoamorphus.  It  was 
removed  from  a  male  child  aged  eight  months,  was  situated  just 
behind  the  scrotum,  and  had  a  maximum  diameter  of  5  cm.  There 
was  no  diminution  in  size  on  pressure,  nor  was  the  tumour  apparently 
connected  with  the  scrotum.  It  was  superficial  to  the  superficisd 
perineal  aponeurosis.  On  section  it  was  observed  to  contain  two 
nuclei,  one  on  either  side,  of  a  yellowish  colour,  with  each  of  which 
was  connected  a  thin  reddish-yellow  cord.  On  microscopic  examina- 
tion, unstriped  muscular  fibres  were  found  in  the  outer  part  of  the 
tumour.  The  nuclei  were  contained  in  fibrous  capsules  well  supplied 
with  vessels ;  internally  they  consisted  of  a  stroma  infiltrated  with 
lymphoid  cells  and  forming  alveoli,  which  latter  were  filled  with  epi* 
thelial  cells,  the  stroma  also  containing  numerous  vessels.  Each  of 
the  cords  contained  a  large  vessel  and  a  small  one,  together  with  a 
nerve  bundla 

An  instance  of  partial  doubling  of  the  spinal  cord  is  given  by 
Jacobsohn  (IX.).  The  second  portion  of  cord  was  found  at  the  left 
side  of  the  lumbar  enlargement.  It  lost  itself  in  the  normal  cord 
above,  but  below  was  quite  free.  It  contained  at  its  posterior  part  a 
bund  of  grey  substance,  like  that  of  the  posterior  cornu,  surrounded 
by  transverse  white  fibres.  The  cord  itself  was  very  asymmetrical, 
the  posterior  cornu  being  absent  in  the  middle  and  lower  parts. 

Taruffi  (X.)  describes  two  cases  of  a  condition  which  he  names  Syr^ 
cepJialtu  dUecantiB.  The  first  was  a  boy  aged  three  years  and  a  hal( 
who  had  two  penes,  both  with  pervious  urethra,  through  which  urina 
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iraa  eimultaneoasly  Toided,  two  scrotal  sact,  the  right  containing  two 
testes  and  the  left  one,  and  two  anal  orifices  through  which  fseces 
were  evacuated  at  the  same  time.  The  pnbio  bones  were  separated 
from  one  another  by  an  interval  through  which  the  bladder  could  be 
felt^  pressure  upon  the  organ  causing  the  passage  of  urine.  The 
pelvis  was  wider  than  normal,  the  bitrochanteric  measurement  being 
0*185  m.  (normal  av.  0*165),  and  the  bisiliac  0*166  m.  (normal 
av.  0*135).  The  second  case  was  that  of  an  adult,  who  would  not 
permit  careful  examination,  but  who  possessed  two  penes  capable  of 
simultaneous  erection.  These  cases  have  been  classified  by  Gurlt  under 
the  heading  of  *'  diphallus,"  and  they  illustrate  the  views  expressed 
by  Gleland  (6).  A  further  stage  in  this  form  of  duplicity  is  met 
with  in  cases  like  that  described  recently  (7),  where  in  a  female, 
besides  double  genitalia,  there  were  present  two  additional  but  diminu- 
tive lower  extremities  Bertaux  (XL )  describes  a  possibly  comparable 
case  in  a  boy,  where,  on  the  right  side  of  the  perineal  raphe,  there 
was  a  second  anal  opening,  through  which  fnces  were  voided  at  the 
Bame  time  as  through  the  normal  opening.  In  connection  with 
defects  of  the  anus,  attention  may  be  (&awn,  though  the  subject  has 
no  affinity  with  that  of  duplicity,  to  the  congenital  coccygeal  JUtidcB 
described  by  Bilhaut  (XII.).  These  exist  in  certain  persons  as  a 
depression  of  the  integument,  or  as  a  fissure  more  or  less  elongated 
and  deep.  They  may  become  obliterated  accidentally,  may  give  rise 
to  abscesses,  or  act  in  the  same  manner  as  a  dermoid. 

Encbphalooelbs. — ^Burci  (XIII.)  describes  a  case  of  occipital  tumour 
in  a  child  aged  eight  months,  which  gradually  increased  from  the  size 
of  a  nut  to  that  of  an  orange.  After  death  it  was  found  to  be  a 
hydrencephalocele  protruding  through  the  centre  of  the  occipital 
bone.  The  third  and  lateral  ventricles  were  dilated,  as  was  the 
fourth,  with,  which  the  sac  directly  communicated.  The  valve  of 
Yieussens  and  the  middle  lobe  of  the  cerebellum  were  absent. 
Calori  (XIY.)  gives  a  very  fnll  account  of  a  foetus,  affected  also  with 
a  mesial  hare-lip  and  cleft-palate,  from  whose  forehead  protruded  a 
tumour  69  mm.  in  length,  45  mm.  in  breadth^  and  210  mm.  at  its 
maximum  diameter.  The  eyeballs  were  wanting.  The  tumour 
passed  out  of  the  skull  through  the  frontal  bone,  and  contained  the 
anterior  cerebral  vesicles.  The  pineal  body,  which  lay  just  behind 
the  opening  in  the  cranium,  was  very  large  and  hydropic.  Numerous 
and  detailed  figures  of  the  condition  of  the  brain  and  cranium  are 
given  in  the  paper.  Bottez  (XV.)  describes  a  case  of  encephalocele 
protruding  between  the  eyebrows,  at  the  root  of  the  nose,  and  of  the 
size  of  an  apple.  The  aperture  of  exit  was  situated  just  below  the 
nasal  spine  of  the  frontal  bone,  the  ethmoid  being  dislocated  down- 
wards. The  sac  contained  a  prolongation  of  the  brain.  The  cerebral 
hemispheres  were  asymmetrical,  the  right  being  twice  as  large  as  the 
left,  and  the  latter  lying  in  the  concavity  of  the  former,  which  was 
crescentic  in  shape. 

Spina  Bifida. — A  lengthy  monograph  on  this  subject  has  been 
published  by  Taruffi  ^XVI.),  in  which  the  different  varieties  are 
treated  historically  ana  critically,  full  accounts  of  illustrative  cases 
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being  given.  The  paper  doses  with  a  diflouaaion  as  to  the  etiology 
of  the  condition. 

Ctclofia. — ^Dareste  (XYII.)!  in  a  paper  on  the  etiology  of  this 
malfonnation,  notes  tibat  Meckel  and  Isidore  G^offiroy  St  Hilaire 
considered  that  it  was  due  to  a  reunion  of  two  originally  separate 
eyeballs,  owing  to  atrophy  of  the  nasal  process.  Uuschke,  on  the 
contrary,  held  that  it  was  the  result  of  the  non-separation  of  an 
originally  single  eye*  The  author's  opinion  is  dififerent.  At  the 
time  of  the  formation  of  the  defect  the  anterior  cerebral  vesicle  is 
shaped  like  a  sh(»t  i^indle,  much  expanded  at  its  middle  part.  At 
its  anterior  extremity  there  is  to  be  seen  a  furrow,  the  last  remnant 
of  the  medullary  groove,  as  yet  unclosed  at  this  point.  Up  to  the 
time  of  the  closure  of  this  groove,  the  development  of  the  vesicle 
takes  place  by  a  progressive  invagination  of  the  ectoderm,  so  that  the 
elements  which  at  first  occupy  the  vicinity  of  the  furrow  are 
gradually  pushed  towards  the  periphery  of  the  vesicle,  whilst  other 
portions  of  the  ectoderm  take  their  place.  Shortly  after,  a  con- 
striction takes  place  n6ar  each  of  the  extremities  of  the  transverse 
diameter  of  the  anterior  vesicle,  and  thus  the  optic  vesicles  are 
formed.  At  this  time  the  furrow  has  ceased  to  exist  The  portions 
of  ectodermio  tissue  destined  for  the  formation  of  the  optic  vesicles 
have  then  passed  from  the  edges  of  the  furrow  towards  the  periphery 
of  the  vesicle,  a  movement  of  passage  whose  extent  depends  upon 
the  amount  of  evolution  of  the  furrow  itself.  Should  Uiis  become 
closed  at  the  time  when  the  elements  of  the  two  retin»  are  in  contact, 
a  single  eye  is  the  result.  Should  the  union,  still  too  premature, 
take  place  when  the  rudiments  of  the  vesicles  have  reached  the 
extremities  of  the  transverse  part  of  the  cerebral  vesicle,  the  result 
is  the  formation  of  two  eyes,  which  are,  however,  close  together  and 
contained  in  the  same  orbit.  Intermediate  stages  may  be  observed. 
Sicher  (XVIII.)  describes  a  case  of  cyclopia  in  a  calf,  in  which  he 
calls  especial  attention  to  the  diminution  in  size  of  the  frontal  bones 
in  his  case  as  compared  with  their  condition  in  the  normal  animal. 
Mayol  (XIX.)  describes  the  case  of  a  foetus,  otherwise  well  developed, 
in  whose  face  were  only  to  be  observed  two  clefts,  one  situated  above 
the  other.  The  upper  represented  the  palpebral  opening ;  but  there 
was  no  trace  either  of  orbit  or  eyeballs,  nor  was  there  any  nose.  The 
lower  cleft  led  into  the  mouth,  which  was  normal 

Dbfbgtb  op  thb  Faob. — Taruffi  (XX)  describes  a  case  of  divisum 
of  the  nose.  He  first  gives  details  of  three  previously  described  cases, 
the  best  known  of  which  is  that  of  Selenkost  (8).  In  his  own 
example  the  baby  had  its  nose  divided  longitudinally  into  two 
portions,  of  which  the  right  was  converted  into  a  movable  tube  or 
proboscis  2*0  cm.  in  length.  From  the  aperture  at  its  lower  end 
came  mucus  mixed  with  air-bubbles.  There  was  a  ooloboraa  of  the 
lower  eyelid  at  the  part  near  the  attachment  of  the  proboscis^ 
Nuckel  (XXI.)  gives  the  following  account  of  a  case  of  ckfi  of  the 
cheek.  The  patient,  a  man  of  low  order  of  intelligence,  aged  26,  has 
the  left  side  of  his  head  and  face  flattened,  and  smaller  than  the 
right.     The  right  nasal  orifice  is  directed  longitudinally,  the  left 
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traDSveraely.  The  left  orbit  is  narrower  than  the  right,  and  the 
contained  eye  smaller.  The  mouth  ib  prolonged  on  l^e  left  side  for 
some  distance  into  the  cheek.  From  its  extremity  a  slightly  curved 
furrow  passes  upwards  towards  the  ear,  ending  about  2  cm.  &om  that 
organ  in  a  slight  groove.  Above  this  there  is  a  small  cicatricial 
elevation,  marking  the  place  from  which  had  been  removed  at  an 
earlier  date  a«  tumour  of  the  size  of  a  nut,  and  consisting  of  a  fibrous 
capsule  with  gelatinous  contents.  The  above-mentioned  furrow  was 
also  visible  in  the  interior  of  the  mouth,  on  opening  which  it  was 
noticed  that  the  right  superior  maxilla  was  deficiently  developed. 
The  left  ear  was  smaller  than  the  right,  and  there  was  no  true  concha, 
but  only  a  transverse  slit^  The  pinna  was  in  other  ways  abnormal, 
as  if  arrested  in  its  development.  8  mm.  inferior,  and  somewhat 
posterior  to  the  tragus,  there  was  a  small  pit,  6  mm.  in  depth.  There 
was  complete  deafness  on  the  left  side,  and  deficient  taste  sense  on 
that  side  of  the  tongue.  The  sight  was  the  same  on  both  sides,  and 
the  ophthalmoscope  revealed  no  differences  between  the  two  eyes. 
There  was  less  motion  on  the  left  side  of  the  soft  palate  than  on  the 
right.  The  testes  were  little  developed.  In  a  paper  prepared  by  the 
reporter  (9),  an  account  of  various  cases  of  malformation  of  the  face 
is  given  with  a  view  of  establishing  the  probability  of  the  nervous 
origin  of  certain  congenital  defects.  This  case  is  of  peculiar  interest 
in  this  connection,  and  may  well  be  contrasted  with  that  of  Otto 
Schmidt  in  particular,  and  with  others  in  which  very  similar 
defects  to  some  of  those  congenitally  present  in  this  individual  were 
produced  after  birth  by  some  lesion  affecting  the  trophic  nerves. 
Taruffi  (XXII.)  narrates  a  case  of  ffypognaihtta  Antistrophtu  occnrrmg 
in  a  calf.  The  additional  mandible  was  attached  to  the  inner  aspect 
of  the  symphysis  menti  of  the  normal  jaw,  the  teeth  in  the  former 
being  cQrected  downwards.  It  projected  forwards,  t.«.,  out  of  the 
mouth. 

Hbbmaphboditisk. — Polaillon  (XXIII.)  describes  a  case  of  Anr 
drogynff,  where  the  subject,  aged  25,  was  possessed  of  female  appear- 
ance and  mamnuB,  and  was  indeed  married  as  a  female.  In  place  of 
a  yagina  there  was  only  a  pit  2  cm.  in  depth,  eyentnaUy  increased 
by  marital  efforts  to  7*8  cm.  She  had  never  menstruated ;  there  was 
no  trace  of  a  uterus  discoverable  by  rectal  examination,  but  there 
was  a  small  tumour  present  in  each  groin.  At  a  later  period  the 
patient  returned  to  hospital,  and  there  dying,  a  microscopic  examina- 
tion showed  that  the  tumours  in  question  were  testes. 

Petit  (XXIV.)  describes  a  somewhat  similar  case.  The  subject, 
aged  20,  was  apparently  a  female,  but  was  attracted  towards  that  sex, 
with  members  of  which  he  was  easily  able  to  effect  coitus,  though 
without  ejaculation.  There  had  never  been  menstruation.  There 
was  a  well-developed  penis  without  perforation ;  the  pseudo-vaginal 
cavity  was  7*0  cm.  in  depth,  admitting  only  the  minimus  at  its 
orifice.  There  was  no  trace  of  any  inguinal  tumour.  Jouin  (XXY.), 
in  discussing  these  two  cases  at  the  Soci^t6  Obst^tricale  et  Gyn^- 
cologique  de  Paris,  surveys  the  whole  subject  of  hermaphroditism, 
and  asks  whether  the  decision  by  which  the  individual  is  considered 
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to  belong  to  the  sex  proper  to  the  aez-glaiidfl  pouessed  should  not 
be  reviBedy  in  view  of  the  fact  that  auoh  individuals  are  nearly  always 
impotent  or  "  neuter."  Another  case  of  Androgyny  is  narmted  by 
Simmonds  (XXVL),  in  whioh  the  subject  was  a  widow^  aged  83. 
The  breasts  were  well  deyeloped,  and  the  aspect  was  feminine ;  there 
was  a  laxge  imperforate  penis,  a  pseudo-vagina  6*0  cm.  in  length.  A 
testis  was  found  in  the  left  inguinal  canal,  but  there  was  no  traoe  of 
vesiculsB  seminales  nor  of  uterus.  Mabaret  (XXYII.)  gives  a  case 
interesting  because  of  its  affecting  two  membeors  of  the  same  funily, 
where  two  sisters  were  both  affected  with  absence  of  vagina  and  labia 
majoraand  minora.  There  was  a  large  clitoris  in  each  case,  especially 
in  that  of  the  elder  sister,,  whose  condition  wajs  also  remarkable  for 
the  great  development  of  the  body  hair. 

Otqbr  Genital  Dbfbcts. — ^VoU  (XXVIII.)  describes  a  caae  of  uterus 
unioamis  nnister.  The  left  side  was  normal ;  on  the  right  there  was 
neither  ovary,  tube,  nor  broad  ligament,  but  only  a  band  of  unstriped 
muscular  fibres  passing  beneath  the  peritoneum  from  the  cervical  part 
of  the  uterus  to  the  wall  of  the  pelvis.  There  was  no  right  ureter, 
and  (probably)  no  right  kidney.  In  a  paper  by  Simmonds  (XXIX.)  a 
description  is  given  of  a  case  of  completely  double  uterus  and  vagina 
(in  each  of  which  coitus  could  be  effected  indifferently)  occurring  in 
a  prostitute.  Falk  (XXX.)  adds  another  to  the  list  of  cases  of  st^fer^ 
numeraay  ovary.  The  patient^  aged  37,  married  three  years,  but 
nuUiparous,  had  first  menstruated  at  the  age  of  19.  Abdominal 
section  was  performed  for  the  removal  of  a  supposed  ovarian  tumour. 
This  turned  oat  to  be  unconnected,  so  far  as  could  be  ascertained, 
with  the  uterus.  It  was  the  size  of  a  goose^gg,  and  on  examination 
proved  to  be  a  cyst  with  tallowy  contentSb  On  its  convexity  was 
situated  a  cylindrical  body  6  cm.  in  length,  the  tubular  lumen  of 
which  communicated  with  the  interior  of  the  cyst.  The  lumen  was 
filled  with  the  same  tallowy  substance  as  the  cyst.  Microscopic 
examination  showed  that  the  body  in  question  was  a  Fallopian  tube, 
dilated  centrally  into  a  cyst  The  ovary  was  also  present,  but  flattened 
over  the  surfiBice  of  the  cyst,  and  atrophied.  As  the  two  ordinary 
oy<mfl«,  with  their  tubes,  we»  remored  at  the  time  of  the  opeiatio^ 
there  could  be  no  doubt  that  the  specimen  in  question  was  an  example 
of  a  third  ovary  and  tube,  the  latter  partly  converted  into  a  cyst 
The  paper  contains  an  account  of  the  literature  of  the  subject 

Abdomen. — Dakin  (XXXL)  discusses  one  of  the  cases  of  eetf^pia 
viscerum,  associated  with  retroflexion  of  the  whole  trunk.  He  believes 
that  the  course  of  events  leading  up  to  the  malformation  in  this  case 
were  as  follows: — 1.  Imperfect  development  of  the  hind  gut,  and 
therefore  of  the  allantois,  resulting  in  (a)  absence  of  umbilical  cord 
and  (7)  of  one  of  the  vessels  (umbilical  arteries)  normally  projected  on 
the  allantois;  (6)  interference  with  outflow  of  urine,  probably  at 
allantoic  end  of  ureters,  producing  right  hydronephrosis  and  absence 
of  left  kidney  and  ureter.  2.  Resulting  from  (a)  close  application  of 
anterior  surface  of  foetus  to  placenta  and  uterine  wall,  causing — 3. 
(a)  retroflexion,  with  its  effects  on  the  spine  (meningocele  and  spina 
bifida  occulta)  at  the  point  of  flexion ;  (b)  pressure-effects  on  the  side 
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of  the  body  held  in  contact  with  placenta  and  uterine  wall ;  and  (c) 
failure  of  abdominal  wall  to  close. 

Hamaide  (XXXIL)  deacribes  a  case  cf  ectopia  vedccBy  imperforation 
of  the  anus,  absence  of  external  genitalia  and  talipes  varus,  with 
dorso-lumbar  spina  bifida.  A  report  upon  the  case  by  a  committee  of 
the  Society  deals  with  its  causation. 

Jaboulay  (XXXIII.)  describes  a  case  of  interrupHon  in  the  tnteatintd 
canal,  interesting  on  account  of  the  probable  connection  of  the  defect 
with  certain  vascular  anomalies  which  were  also  present  The  child 
in  question  had  lived  two  days.  On  opening  the  abdomen  the  small 
intestine  was  seen  to  be  distended  with  meconium,  its  lower  extremity 
floating  loose  at  the  left  side.  The  large  intestine  was  empty  and 
collapsed.  There  was  a  complete  absence  of  communication  between 
the  two.  With  this  anomaly  coincided  one  of  the  arteries,  since  the 
superior  mesenteric  supplied  only  the  small  intestine,  and  the  inferior 
only  the  large,  there  being  no  anastomoses  between  the  branches  of 
the  two  arteries,  the  cause,  according  to  the  author,  of  the  intestinal 
defect.  Speaking  generally,  he  expresses  his  opinion  that  absence  of 
▼essels,  or  of  anastomoses  between  vessels,  is  the  cause  of  many 
congenital  narrowings  or  imperforations  of  passages,  such  as  the 
GBsophagus,  rectum,  and  vagina,  which  are  customarily  described  as 
arrests  of  development  Mitchell  (XXXIV.)  describes  seven  cases  of 
anomalous  kidneys,     1  and  2.  Horseshoe,  with  bridge  of  renal  tissue. 

3.  Left  kidney  absent ;  its  place  taken  by  a  small  grey  body,  with 
branches  from  the  renal  artery.  Microscopic  examination  showed 
this  body  to  consist  of  connective  tissue,  containing  numerous  inter- 
spaces.    There  was  a  uterus  unicornis  (compare  this  with  Yoirs  case). 

4.  Right  kidney  absent,  replaced  by  a  small  bundle  with  a  nearly 
impervious  ureter.  Nearly  complete  atrophy  of  the  kidney,  says  the 
author,  occurred  three  times  in  11,978  autopsies.  The  remaining 
cases  relate  to  supernumerary  ureters.  Birmingham  (XXXV.)  also 
relates  a  case  of  kidney  malformation.  The  left  was  normal ;  the 
right  was  joined  by  its  upper  part  to  the  lower  and  inner  portion  of 
the  left.  The  left  supra-renal  was  in  its  normal  position ;  the  right 
lay  upon  the  right  cms  of  the  diaphragm. 

Thorax.— ilnoma/ies  of  the  J?muf«.— MacGillicuddy  (XXXVI.) 
describes  several  new  cases  of  this  condition,  which  has  been  dealt 
with  during  the  past  year  in  this  Journal  by  Williams.  They  are : 
Absence  of  both  mammse  in  a  hysterical  patient  aged  26 ;  two  axillary 
breasts  without  nipples  in  a  female  of  24 ;  a  thick  milk,  containing 
colustrum  corpuscles,  escaped  through  the  pores  of  the  skin,  especially 
during  lactation.  A  left  axillary  breast  in  a  woman  of  19  years, 
affordhig  milk  by  two  large  orifices,  and  by  two  or  three  smaller.  A 
female,  of  26  years,  had  on  the  right  side  an  oval  breast,  extending 
from  the  7th  to  the  9th  rib,  which  at  the  time  of  puberty  became 
painful,  like  the  others.  In  a  man  of  35  years  there  were  two  breasts 
— one  on  either  side  of  the  umbilicus,  the  left  4  inches,  the  right  3 
from  the  middle  line.  A  man  of  35  years  possessed  a  breast  as  large 
as  that  of  a  young  woman,  situated  on  the  back  of  the  left  thigh ; 
the  neighbouring  skin  was  traversed  by  large  veins;  there  was  no 
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areola,  but  a  smooth  nipple.  A  girl,  aged  7  weeks,  had  a  third 
breast,  a  little  larger  than  either  of  the  others,  and  situated 
between  them  on  the  middle  line.  Bardeleben  (XXXVIL)  states 
that  of  2430  recruits  examined,  76  had  supernumerary  nipples  on  the 
left  side,  44  on  the  right,  and  31  on  both  sides — making  a  total  of 
151  cases,  or  6*21  per  cent.  All  these  nipples  were  situated  lower 
than  the  normal  organs.  Six  or  ei'ght  times  there  were  several  nipples, 
up  to  as  many  as  three  or  four. 

Trifurcatum  of  the  Trachea.— Chim  (XXXVIII.)— The  patient 
was  a  child,  aged   16  days,  presenting  well-marked  cyanosis,  and 
with  very  rapid  breathing.      After  death  the  heart  was  found  to 
possess  a  very  small  left  ventricle,  the  right  forming  almost  the  entire 
of  the  ventricular  portion  of  the  heart  (thickness  of  wall,  R.  8  mm. ; 
L.  4  mm.).     There  was  an  aperture  at  the  superior  part  of  the  septum 
ventriculorum,  and  a  wide  communication  between  the  auricles.     The 
aorta  arose  from  the  right  ventricle  and  the  pulmonary  artery  as  a 
solid  cord  (for  some  distance)  from  the  left.     Tbe  right  superior  vena 
cava,  formed  by  a  vena  azygos  and  the  right  brachio-cephalic  vein, 
opened  into  the  right  auricle.     The  inferior  vena  cava  and  the  left 
superior  vena  cava  (formed  by  a  vena  azygos),  the  left  brachio-cephalic 
vein,  and  the  four  pulmonary  veins,  united  into  a  common  stem, 
opened  into  the  left  auricla     Above  the  normal  place  of  division  of 
the  trachea  that  tube  gave  off,  on  the  left  side,  a  separate  bronchus, 
which  passed  to  the  upper  lobe  of  a  three-lobed  left  lung.     The  right 
stem  bronchus  had  a  double  eparterial  bronchus.     According  to  the 
author,  this  case  is  unique,  as  aU  former  cases  of  trifuixsate  trachea 
have  been  instances  of  premature  origin  of  the  normal  eparterial 
bronchus,  to  the  right  side  in  the  ordinary  condition,  and  to  the  left 
in  that  of  situs  transversua     In  this  case  there  was  also  absence  of 
the  spleen,  and  the  lig.   hepato-duodenale  lay  to  the  left  of  the 
gall-bladder,  and  anterior  to  the  pyloric  end  of  the  stomach.     It 
contained  in  its  free  border  the  common  bile-duct,  the  hepatic  artery, 
and  the  portal  vein,  and  formed  the  anterior  wall  of  a  blind  peritoneid 
pouch,  the  posterior  wall  of  which  was  formed  by  the  lesser  omentum. 
Taruffi  (XXXIX.)  describes  a  curious  condition  of  the  heart  found 
in  the  body  of  a  boy  aged  12,  who  had  been  cyanotic  during  life. 
There  were  two  apertures  through  the  fossa  ovalis.      The  right 
ventricle  was  much  larger  than  the  left,  and  its  walls  were  greatly 
thinned.    The  orifice  of  the  pulmonary  artery  was  somewhat  enlarged. 
The  auriculo-ventricular  orifice  was  much  enlarged,   and  from  its 
anterior  two-thirds  there  sprang  a  thin  transparent  membrane  like 
the  cusp  of  a  valve,  which  descended  to  the  apex  of  the  heart,  where 
it  became  continuous  with  the  endocardium.     At  various  parts  of  its 
surface  were  attached  chordae  tendineffi  and  musculi  papillarea.     It 
was  connected  with  the  endocardium  along  the  right  border  of  the 
heart     On  the  left  side  was  an  oval  deficiency  bounded  on  the  left 
by  the  septum  ventriculorum,  and  on  the  right  by  the  free  border  of 
the  membrane.     There  was  no  evidence  of  fcetal  endocarditis^     The 
author  considers  that  the  condition  is  explained  by  a  persistence  of 
the  foetal  structures  from  which  the  chordoe  are  formed. 
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Calori  (XL)  found  a  case  of  inversion  of  the  thoracic  duct  in  the 
body  of  a  man  aged  70.  The  right  subclavian  artery  was  the  last 
▼essel  given  off  from  the  aortic  arch,  and  passed  behind  the  trachea. 
The  larger  thoracic  duct  passed  into  the  right  subclavian  vein  by  two 
tubes,  of  which  the  larger  was  external  to  the  jugular  vein,  and  the 
smaller  posterior  to  the  same.  There  was  a  small  duct  on  the  left 
side  in  the  usual  position. 

Limbs. — Absence  of  a  part  of  both  clavicles  is  described  by  Van  d. 
Bussche  (XLI.)  as  occurring  in  a  man  aged  30.  The  bone  on  either 
side  was  3*5  cm.  in  length  and  0*75  in  breadth,  and  there  was  an 
interval  from  the  outer  end  of  one  clavicle  to  the  outer  end  of  the 
other  of  12*0  cm.,  that  between  the  two  acromia  being  29*0  cm.  No 
ligamentous  continuation  of  either  clavicle  coidd  be  made  out  (the 
subject  was  living).  The  condition  of  the  muscles  as  ascertained  by 
manual  and  electrical  examination  was  as  follows : — The  clavicular 
part  of  stemo-cleido-mastoid  was  small,  and  that  of  the  trapezius 
arose  from  the  coracoid  process,  as  did  the  corresponding  portion  of 
the  deltoid.  There  was  no  subclavius.  The  author  mentions  several 
cases  of  the  same  malformation,  to  which  may  be  added  the  interest- 
ing case  (10)  where  imperfection  of  one  or  other  end  of  the  clavicle 
ran  through  three  generations  of  a  family.  In  Gegenbaur's  case  (11) 
the  affection  was  also  hereditary. 

Variot  (XLII.)  gives  an  instance  of  hemimelia  occurring  in  a  boy 
aged  3  years.  The  left  arm  was  alone  malformed,  appearing  as  if 
amputated  at  the  superior  third.  The  ends  of  the  radius  and  ulna 
coidd  be  felt.  Five  skin  tubercles  representing  the  digits  were  pre- 
sent on  the  end  of  the  stump.  On  microscopic  examination  these 
were  found  to  contain  no  bone  or  cartilage,  but  to  consist  internally 
solely  of  fibrous  tissue.  The  muscles,  nerves,  and  arteries  of  the  arm 
were  normal,  and  the  brachial  divided  into  minute  radial  and  ulnar 
arteries.  The  cervical  portion  of  the  spinal  cord  was  microscopically 
examined,  when  it  was  found  that  the  anterior  cornua  of  the  affected 
side  were  one-fourth  smaller  than  those  of  the  normal.  With  this 
observation,  so  far  as  it  concerns  the  nervous  system,  may  be  com- 
pared the  note  by  Qowers  (12)  on  the  brain,  in  a  case  of  congenital 
absence  of  one  hand,  and  a  case  by  Spillmann  (13),  where,  in  combina- 
tion with  an-  ill-developed  hand  on  one  side,  there  was  a  decrease  in 
size  of  the  anterior  comu  of  the  spinal  cord  in  the  cervical  region. 
In  other  respects,  a  very  similar  case  is  described  by  Sturge  (14), 
where  there  were  the  curious  miniature  skin  digits  to  which  the  author 
alludes.  I  have  recently  received  from  my  colleague,  Mr  Jordan 
Lloyd,  a  specimen  showing  this  condition  to  perfection — a  condition 
which  is  dealt  with  in  a  careful  and  suggestive  manner  in  Sturge's 
paper. 

Poalchau  (XLIII.)  is  the  author  of  a  paper  which  gives  an  account 
of  a  case  of  perodactyly  affecting  one  foot  (the  right),  which  possessed 
only  four  toes,  the  hallux  and  three  others.  The  muscles  of  the 
hallux  presented  nothing  worthy  of  notice.  There  was  a  muscle  on 
the  outer  side  of  the  fourth  metatarsal  resembling  an  abductor  minimi 
digiti,  and  there  were  three  dorsal  and  two  palmar  interossei.     The 
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• 
normal  number  of  tonal  bones  was  present.     The  fourth  metatarsal 
had  not  the  charaoteristic  spur  of  the  fifth.     The  author  thinks  that 
this  toe  must  be  looked  upon  as  a  representatire  of  both  tiie  fourth 
and  the  fifth. 

Mies  (XLIV.)  describes  a  very  similar  ease  affecting  the  band. 
The  subject  was  a  man  aged  22.  The  right  hand  was  shorter  than 
the  left,  and  the  metacarpal  bone  and  three  phalanges  of  the  fifth 
digit  were  quite  absent.  The  right  forearm  was  slightly  smaller 
than  the  left  The  author  states  that  he  has  been  only  able  to  find 
four  similar  cases  in  literature ;  but  to  these  may  now  be  added  one 
by  Polaillon  (XLV.),  where  there  were  exactly  similar  conditions  pre- 
sent, but  on  the  left  side.  There  was  no  trace  of  heredity  in  either 
ease. 

Jolly  (XLVi.)  gives  a  fiill  account  of  a  very  rramrkable  case  of 
Polydactyly  with  malformation  of  the  arm.  The  subject  is  a  male 
aged  25,  and  no  abnormalities  of  the  hand  hare  been  known  in  his 
family.  The  whole  of  the  left  arm  is  smaller  than  its  fellow,  and  it 
is  also  shorter.  In  the  place  of  the  biceps  there  is  a  strong  bony 
ridge.  The  head  of  what  should  be  the  radius  is  absent  and  the 
lower  end  of  the  same  bone  is  not  expanded  in  the  usual  manner,  but 
is  small  and  rounded  like  the  end  of  the  ulna.  There  are  six  fingers, 
which  appear  to  be  arranged  in  two  aets,  three  and  three,  with  a  deep 
cleft  between  the  two  groups.  £ach  group  consists  of  a  minimus  and 
two  other  digits,  thus  on  the  outer  side  the  pollex  is  replaced  by 
a  minimus,  or  at  least  by  a  finger  resembling  that  digit.  It  thus 
appears  as  if  the  hand  was  made  up  of  the  minimus,  annularia  and 
medius  digits  of  a  right  and  a  left  hand.  The  medius  of  the  radial 
group  has  two  metacarpal  bones,  with  both  of  which  the  first  phalanx 
articulates.  An  electrical  examination  of  the  musculature  shows  that 
there  is  abduction  of  both  sides  of  the  hand,  but  no  opposition ;  there 
is  a  muscle  on  each  side  which  appears  to  be  a  palmaris  breyia,  and 
there  is  no  pronator  radii  teres.  Thus  the  appearanoe  of  two  fused 
bauds,  and  even  arms,  is  rendered  more  complete.  This  singular 
case  may  be  compared  with  the  example  of  double-hand  described  by 
Jardine  Murray  (15).  A  case  of  Polydactyly  in  a  man  aged  60,  where 
there  were  on  the  right  hand  six  digits  and  on  the  left  seven,  on  the 
right  foot  seven  toes  and  on  the  left  six^  is  worthy  of  mention, 
because  of  the  co-existence  of  simple  harelip,  and  of  the  complete 
absence  of  heredity  upwards  or  downwards. 

I  may  perhaps  be  allowed  to  refer  to  a  paper  published  in  this 
Journal  on  the  presence  of  an  additional  phalanx  in  tke  hwnan  poller 
(XLVIILX  in  order  to  give  the  following  referettces  to  similar  cases 
of  this  rare  condition,  which  I  owe  to  my  friend  Mr  W.  Batescn  : — 

1)  Guermonprez,  F.,   Bev.   des  MaL  de  VEnfance,    1886,  p.   122; 

2)  R^hdnMsek.  Bijdr.  t  d.  Keniniss.  d.  Polt^dactyU^  Inang.  Diss., 
Utrecht,  1887 ;  (3)  Kuhnt,  Vif^.  Ardu,  t.  Ivi.  s.  268  ;  (4)  Stark's 
Archiv  /.  GebwrUkulfe^  1801,  t.  xv.  s.  641.  I  may  also  say  that  I 
have  seen,  since  the  paper  was  published,  a  second  case  of  the  ssme 
abnormality,  i^^ain  through  the  kindness  of  Mr  Jordan  lioyd,  where 
the  three-phalanged  pollex  was  the  radial  of  the  two  poilices. 
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MuBdTLua  Stxrnilib. — This  slight  abnormalitj  is  perhaps  hardly 
in  place  in  an  article  on  teratology,  but  as  I  have  a  series  of  references 
to  papers  which  have  appeared  during  this  year,  I  may  bo  allowed 
briefly  to  detail  them  for  the  use  of  those  working  at  the  morphology 
of  a  muscle  which  has  attracted  so  much  attention. 

Le  Doable  (XLIX.)  in  his  paper  gives  details  of  thirty-three 
stemales,  of  which  nineteen  were  in  males  and  fourteen  in  females — 
seventeen  were  double,  sixteen  single;  and  of  the  double,  twelve  were 
independent  of  one  another,  the  remaining  five  being  more  or  less 
connected.  These  were  obtained  from  722  subjects.  Taking  the 
returns  of  other  writers,  the  author  constructs  the  following 
table : — 

Stemales.  Subjecls. 

Wood 7  175 

Turner 21  630 

Wenzel  Gruber 5  95 

Macalister 21  350 

Le  Double 33  722 


87  1972,  or  about  5  per  cent. 

The  nerve  of  supply  to  the  muscles  in  these  instances  is  not  men- 
tioned, and  the  view  taken  of  their  morphology  is  that  they  are 
derived  from  the  panniculus. 

Schwalbe  and  Pfitzner  (L.),  in  a  paper  on  Anatomical  Statistics, 
mention  that  they  have  observed  the  stemalis  four  times  in  238 
bodies. 

Fick  (LI.)  has  described  three  new  examples,  in  each  of  which  he 
states  that  the  nerve-supply  was  derived  from  the  intercostals. 

Smith  (LII.)  also  describes  a  case  occurring  on  both  sides  of  the 
body,  in  which,  according  to  his  statement,  the  nerve-supply  was  not 
derived  from  the  anterior  thoracics. 

Nicolas  (LIII.)  saw  twin  foetuses  both  possessed  of  stemales.  The 
mother  being  still  in  hospital  was  examined  by  electricity,  and  found 
to  possess  the  same  muscle.  I  think  this  is  the  first  demonstration 
of  the  heredity  of  this  muscular  abnormality. 

The  reporter  thanks  those  authors  who  have  sent  him  copies  of 
their  papers,  and  will  feel  much  obliged  to  authors  who  may  furnish 
him  with  reprints  of  teratological  papers,  for  use  in  the  preparation  of 
future  reports* 
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ABNORMAL  POSITION  OF  MECKEL'S  DIVERTICULUM. 
By  G.  Atlwin  Clarkson  and  Fred.  S.  Collard,  Students  of  St 
Georges  Hospital, 

In  connection  with  the  recent  report  of  the  Collective  Investigation 
Committee  of  the  Anatomical  Society,  this  note  of  a  diverticulum 
connected  with  the  commencement  of  the  jejanum  is,  from  its  unusual 
position,  perhaps  worth  recording.  A  diverticulum  was  found  con- 
nected with  the  small  intestine  Ijring  horizontally  in  the  umhilical 
region  above  and  to  the  right  side  of  the  umbilicus.  This  diverticulum, 
which  resembled  Meckel's  in  conformation,  was  found  to  be  connected 
with  the  jejunum,  and  was  situated  2  feet  from  the  pylorus.  It  measured 
1^  inches  in  length,  and  its  lumen  was  equal  to  that  of  the  gut.  Its 
wall  was  of  the  same  thickness  as  that  of  the  jejunum,  and  was  lined 
with  a  prolongation  of  the  intestinal  mucous  membrane.  It  lay  with 
its  free  extremity  away  from  the  mesentery,  and  had  a  process  from 
the  adjacent  mesentery  of  the  jejunum  passing  to  its  posterior  surface, 
and  reaching  to  within  ^  inch  of  its  free  extremity.  No  fibrous  cord 
was  attached  to  the  latter.  It  was  distended  with  air,  and  there  were 
no  adhesions  between  it  and  any  of  the  surrounding  intestines. 

The  subject  was  a  man  aged  75,  body  well  nourished,  and  above  the 
average  height. 

There  is  a  somewhat  similar  specimen  showing  this  rare  condition  in 
the  museum  of  this  hospital,^  in  which  the  pouch  opens  from  the  jejunum 
in  its  3rd  or  4th  inch.  It  arises  from  the  attached  side  of  the  gut,  and 
lies  between  the  layers  of  the  mesentery,  its  wall  being  much  thinner 
than  that  of  the  intestine.     The  subject  was  a  man  also,  aged  6L 

In  the  cases  reported  by[the  Collective  Investigation  Committee,  and 
in  thirteen  cases  recorded  in  the  post-mortem  books  of  St  Bartholomew's 
Hospital,^  1867-1883,  the  hi^est  point  at  which  this  diverticulum 
occurred  was  120  inches  from  cacum,  in  the  majority  of  the  cases 
being  found  within  the  last  36  inches  of  the  small  intestine. 

*  Series  ix.  71b.  *  Path.  Soc  Tram.^  vol.  xxxt.  p.  208. 
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ON  THE  RELATIONS  BETWEEN  THE  WEIGHT  OF 
THE  BRAIN  AND  ITS  PARTS,  AND  THE  STATURE 
AND  MASS  OF  THE  BODY,  IN  MAN.  By  the  late 
John  Marshall,  LL.D.,  F.R.S.,  F.R.C.S.,  Emeritus  Pro- 
fessor of  Surgery  in  University  College,  London,  Presi- 
dent of  the  Medical  Council  of  Oreat  Britain  and  Ireland. 

I.  The  Relations  between  the  Weight  of  the  Brain 
AND  ITS  Parts,  and  the  Stature,  in  Man. 

The  first  part  of  this  paper  is  devoted  to  a  confirmation  and 
extension  of  the  conclusions  recorded  in  a  short  communica- 
tion already  published  in  the  Proc.  Roy.  Soc,  No.  163,  1875. 
The  materials  on  which  it  is  based,  and  the  tables  which  it 
contains,  are  derived  and  constructed  in  part  from  the  facts 
recorded  by  the  late  Dr  Robert  Boyd  in  the  Philosophical 
Transactions  for  1861,  in  part  from  his  original  MSS.,  and 
partly  from  fuller  tables  prepared  by  him  to  forward  my 
purposes  in  regard  to  the  present  inquiry. 

Whilst  recently  engaged  in  examiumg  the  brain  of  the  late  Mr 
George  Grot^,  the  historian  of  Greece,  I  endeavoured  to  obtain 
some  definite  information  concerning  the  influence  of  variations  in 
the  stature  on  the  weight  of  the  brain  and  its  several  parts  in 
Man.  As  is  well  known,  the  ratios  of  the  weights  of  the  ence- 
phalon  or  entire  brain,  of  the  cerebrum,  and  of  the  cerebellum,  to  the 
weight  of  the  body,  have  been  investigated  by  many  observers, 
both  past  and  present,  including  Sims,  Clendinning,  Tiedemann, 
Reid,  Peacock,  Boyd,  Huschke,  Wagner,  Weisbach,  and  others  of 
less  note ;  but  the  great  variation  met  with  in  the  weight  of  the 
body,  dependent  on  its  different  condition  as  to  obesity  or  emacia- 
tion, at  the  moment  of  death,  renders  the  numerical  results  thus 
obtained  of  little  value  as  indications  of  the  real  relations  which 
must  exist  between  the  development  of  the  eucepbalon  and  its  parts, 
and  that  of  the  body  in  fully  grown  and  healthy  persons  of  either  sex, 
Tiedemann  {Dcu  Him  d^s  Negers,  Heidelberg,  1837 ;  Phil,  Trans., 
1836,  vol.  cxxvi.),  for  example,  than  whom  no  one  has  examined 
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this  question  more  thoroughly,  found  the  proportionate  weight  of  the 
brain  to  that  of  the  body,  in  the  adult,  to  range  from  1  to  100  in 
very  fat  persons,  and  1  to  27  in  very  lean  ones  ;  and  it  was  only  by 
th(3  exclusion  of  extreme  cases,  and  the  selection  of  subjects  of 
medium  stoutness,  that  a  mean  ratio  of  about  1  to  40  (more  nearly 
according  to  others,  1  to  36*5)  was  arrived  at  by  him,  for  the 
average  healthy  adult,  irrespective  of  sex  and  of  exact  age.  Such 
and  all  similar  results  are  entirely  unsuited  to  form  the  ground- 
work for  estimating  the  normal  ratio  of  the  weight  of  the  ence- 
phalon  to  the  actual  mass  of  the  body  in  individual  cases ;  much 
less  can  the  same  method  be  trusted,  as  employed  by  Huschke  and 
others,  for  the  further  attempt  to  determine  the  relative  weights  of 
the  several  parts  of  the  eucephalon,  as  compared  with  the  body-mass. 

The  influence  of  Stature  on  the  brain-weight  in  Man  was  first 
shown  numerically  by  Parchappe  (Becherckes  sur  Venc4phcUe^  &c., 
•Paris,  1836),  but  his  results  are  founded  on  a  very  small  number  of 
observations.  The  statements  of  other  writers  are  of  a  general  kind 
only.  It  is,  of  course,  well  established  that  the  brain,  taken  as  a 
whole,  is  absolutely  heavier  in  men  than  in  women,  chiefly,  as  is 
admitted,  on  account  of  the  greater  stature  and  bulk  of  the  stronger 
sex ;  and,  herein,  a  certain  influence  of  stature  has  necessarily  been 
acknowledged.  It  has  been  further  shown  that,  considering  the 
two  sexes  apart,  the  brain  is,  as  a  rule,  or  on  an  average,  absolutely 
heavier  in  tall  than  in  short  individuals;  but  the  facts  hitherto 
recorded,  bearing  upon  this  point,  are  very  few.  Again,  the  existence 
of  a  direct  relation  between  the  size  of  the  brain,  or  rather  between, 
that  of  the  craniiun  and  the  stature,  has  often  been  invoked  in 
the  explanation  of  the  smaller  cranial  capacity  of  certain  of  the 
shorter  and  smaller  races  of  mankind,  such  as,  for  example,  the 
Hindoos,  as  compared  with  other  Aryan  races.  Parchappe  found 
that  the  variation  in  the  absolute  weight  of  the  brain  accompany- 
ing a  difference  in  stature  amounting  to  3^  inches  was  about  5  per 
cent,  of  its  total  weight,  and  that  it  was  greater  amongst  men 
than  women.  But  he  based  these  two  conclusions  upon  a  com- 
parison of  only  9  tall  persons,  5  males  and  4  females,  with  10 
short  ones,  5  males  and  5  females.  The  mean  height  of  the  tall 
persons  was  65*75  inches,  that  of  the  short  persons,  62*25  inches  ; 
the  mean  weight  of  the  brain  in  the  former  was  45*25  oz.,  and  in 
the  latter,  43*75  oz.  (op,  ciU,  pp.  101-76). 

Ab  to  the  relative  or  proportionaie  amount  of  brain  in  comparison 
with  the  stature,  in  persons  of  different  heights,  neither  Parchappe 
nor  any  other  observer  has  endeavoured  to  estimate  this  point 
numerically,  unless  with  reference  to  the  difference  of  stature  in  the 
two  sexes.  Dr  Thumam  (On  the  Weight  of  the  Brain,  &c.y  London, 
1866,  p.  15),  indeed,  states  that  Parchappe  ^Snferred,  that  the 
weight  of  the  brain  in  both  sexes  is  relatively  greater  in  tall 
persons  than  in  short  ones,  <fec. ; "  but  this  is  not  a  correct  inter- 
pretation of  Parchappe's  words,  which  are  to  the  effect  that  in  both 
sexes,  the .  brain  is  sensibly  heavier  according  to  the  stature,  or  '*  ou 
account  of  the  stature  "  (''  en  raison  de  la  taiUe ; "  op.  ctt,  p.  76).     In 
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fact,  his  meaning  is  that  the  brain  is  merely  absolutely  greater,  not 
relatively  greater,  in  tall  than  in  short  persons.  Its  relative  pro- 
portions to  the  stature,  in  persons  of  different  heights,  are,  in 
truth,  not  discussed  by  Parchappe  at  all,  except  in  relation  to  the 
sexual  differences.  At  the  same  time,  if  he  had  done  this,  his  data, 
though  so  limited  in  number,  would  have  shown  him  that  the  brain 
is  relatiyely  to  the  stature  smaller  in  tall  than  in  short  persons  of 
either  sex,  which,  indeed,  will  be  presently  proved  to  be  the  case  by 
reference  to  sufficiently  ample  data.  It  may  here  be  noticed  that 
M.  Broca  (M^ioires  (TAntkropologiej  t.  i.  p.  165,  1871),  in  dis- 
cussing M.  Parchapp)e's  results,  makes  it  appear  that  the  percent- 
age of  cerebral  difference  between  the  tall  and  short  males  is 
identical  with  the  percentage  of  their  differences  in  height,  stating 
that,  both  as  regards  the  brain-weight  and  the  stature,  the  incre- 
ment in  the  tall  males  is  exactly  6  per  cent,  over  the  quantities  in 
the  short  ones.  But  the  exact  figures  are  6 '02  per  cent,  for  the 
increase  in  the  brain-weight,  and  6*75  per  cent,  for  that  of  the 
stature ;  so  that,  as  just  said,  Parchappe's  observations,  though 
insufficient  in  number,  really  show  that  the  brain  is  relatively  to  the 
stature  somewhat  smaller  in  tall  persons.  In  the  females,  the 
respective  figures  are  2*02  per  cent.,  and  5'92  per  cent.,  thus 
establishing  the  same  conclusion,  but,  as  will  hereafter  be  seen,  in 
an  exaggerated  manner,  owing  doubtless  to  the  paucity  of  the 
observations. 

Weisbach,  "Die  Gewichtsverhaeltnisse  der  Gehime,"  &c.,  Archiv 
fijtr  AnthropoJogie,  Braunschweig,  1866-7,  pp.  316-7.  Weisbach 
has  examined  the  influence  of  stature  on  the  weight  of  the 
brain  and  its  parts  in  a  much  larger  number  of  cases  than  Par- 
chappe, viz.,  in  429  subjects,  the  greater  proportion  of  whom  were 
males,  being  soldiers  of  various  nationalities  belonging  to  the 
Austrian  Empire.  But  he  has  merely  grouped  his  observations  into 
three  categories  as  to  stature,  without  any  record  of  individual 
measurements,  and  his  conclusions  as  to  the  relation  between  the 
brain- weight  and  the  height  of  the  body  are  expressed  in  words 
and  not  numerically.  With  his  most  general  conclusion,  my  own 
results  are  at  variance ;  for,  dividing  his  cases  into  those  of  large, 
middle-sized,  and  small  persons — the  latter  being  at  least  5  feet 
(Vienna  metisure)  high — he  finds  that  the  encephalon  is  absolutely 
heaviest  in  the  middle-sized,  and  not  in  the  largest-sized  individuals, 
as  is  usually  believed,  and  as  I  shall  presently  show  to  be  the  fact 
As  to  the  cerebrum  and  cerebellum  separately  considered,  he  does 
not  compare  them  directly  with  the  stature,  so  as  to  determine 
their  proportionate  weights  in  reference  to  the  height,  at  different 
statures ;  but  he  compares  each  organ  with  the  entire  encephalon, 
in  his  three  groups,  and  finds  that,  thus  estimated,  as  the  stature 
increases,  the  proportion  of  cerebrum  to  the  whole  brain  diminishes, 
whilst  that  of  the  cerebellum  increases — a  conclusion  which  I  can 
so  far,  but  in  a  different  manner,  confirm. 

In  discussing   the  influence  of  Stature,   as    exhibited  in   a  com- 
parison of  men  with  women,  and  as  affecting  the  respective  brain- 
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weights  of  the  male  and  female,  Parchappe  (op.  cit,  p.  70)  insti- 
tuted an  ingenious  mode  of  comparison  between  the  sexes,  for 
which  Thumam  {op.  cit,  pp.  15,  16)  omits  to  give  him  credit, 
although  he  proceeds  to  employ  it  in  calculations  founded  on  the 
more  extensive  observations  recorded  in  Dr  Boyd's  tables  {PhiL 
Trans.,  1861).  Parchappe  pointed  out  that,  whereas  the  ratio  of 
stature  between  a  given  number  of  males  and  females  was  1000  to 
927,  the  ratio  of  their  respective  brain- weights  was  1000  to  903. 
Hence,  he  concludes,  in  accordance  with  the  statement  of  Aristotle, 
and  in  opposition  to  that  of  Meckel  and  others,  that  the  brain  in  the 
female  is  smaller  in  proportion  to  her  height  than  it  is  in  the  male 
in  proportion  to  his.  He  moreover  shows  that,  on  adopting  the 
estimated  ratio  of  the  weight  of  the  body  in  the  male  to  that  of 
the  female,  given  by  Quetelet,  viz.,  1000  to  867,  the  curious  result 
is  arrived  at,  that,  in  reference  to  the  weight  of  the  body,  as  indeed 
Tiedemann  found  (Phil.  Trans.,  1836,  vol.  cxxvi.  p.  306),  the  female 
brain  is  heavier  then  the  male  brain.  From  the  far  more  numerous 
data  employed  by  Thumam,  the  several  ratios  between  the  male 
and  female  proved  to  be  as  follows : — Of  stature,  1000  to  932  ;  of  brain- 
weight,  1000  to  903  ;  of  body-weight,  1000  to  872— results  which 
nearly  concur  with  and  confirm  those  of  Parchappe. 

It  is  obvious,  however,  that  many  of  the  above  mentioned 
conclusions,  whether  expressed  generally  or  numerically,  exhibit, 
after  all,  the  combined  effects  of  at  least  two  modifying  condi- 
tions, viz.,  that  of  sex  and  that  of  stature,  acting,  it  may  be,  in 
one  or  in  opposite  ways ;  so  that,  in  order  to  eliminate  sexual  and 
other  influences,  and  determine  that  of  stature  by  itself,  further 
inquiries  are  needed,  in  regard  to  the  two  sexes  separately. 
Moreover,  besides  the  effects  of  stature  on  the  relative  size  of 
the  entire  brain,  there  remains  to  be  considered  its  influence  on 
the  cerebrum  and  cerebellum  respectively. 

In  investigating  these  points,  I  at  first  intended  to  have 
employed  as  one  term  in  the  requisite  series  of  comparisons  the 
estimated  normal  ^oeight  of  the  body  at  its  different  heights  in 
each  sex  separately,  and  then  to  have  taken  the  ratio  of  that 
normal  weight  to  the  mean  ascertained  weights  of  the  encephalon 
and  its  several  parts,  at  corresponding  heights  in  the  two  sexes. 
In  the  well-known  tables  of  M.  Quetelet,  and  the  less  known 
tables  of  Dr  Beddoe,  materials  for  such  determinations  are  to 
be  met  with.  But,  on  trial,  I  found  that  a  less  circuitous  and 
therefore,  in  the  first  instance,  a  preferable  method — one,  indeed, 
which  was  closer  to  the  facts — was  to  take  the  ascertained 
heights,  in  the  different  cases,  turn  them  into  inches,  and  find  how 
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much,  expressed  in  decimal  parts  of  an  ounce,  of  encephalon^ 
of  cerebrum,  of  cerebeUv/m,  and  of  pona  with  the  medulla 
oblongata,  was  associated  with  every  in^h  of  height  Being 
well  aware  of  the  fact  that  the  length  of  the  trunk,  which  is 
dependent  chiefly  on  that  of  the  vertebral  column,  is  more 
uniform  throughout  a  number  of  individuals  than  the  total 
height,  as  measured  from  head  to  foot  in  the  standing  posture, 
which  is  largely  influenced  by  the  variable  development  of  the 
lower  limbs,  I  should  have  preferred  to  have  employed  the  first- 
named  standard  of  measurement.  But,  so  far  as  I  am  aware, 
no  observations  of  this  kind  have  been  made  in  conjunction 
with  determinations  of  the  weights  of  the  encephalon  and  its 
parts  in  corresponding  individuals,  so  that  I  was  constrained  to 
employ  the  total  height. 

Li  one  of  Dr  Boyd's  published  tables  (Phil.  Trans.,  1861, 
vol.  i.  pp.  249-53)  there  is  a  record  of  the  average  height 
of  652  males  of  various  ages,  from  twenty  to  eighty  years  and 
upwards,  together  with  the  average  weights  of  the  encephalon, 
the  cerebrum,  the  cerebellum,  and  the  pons  with  the  medulla 
oblongata,  at  the  corresponding  periods  of  life.  From  this 
record  I  have  constructed  the  following  Table  L,  to  which  I 
have  added  the  ratios  of  weight  to  height,  calculated  in  the 
manner  above  mentioned,  and  also  the  ratio  of  the  cerebrum  to 
the  cerebellum.  The  results  are  so  regular  as  to  create  some 
confidence  in  this  method  of  determining  the  relations  between 
the  weight  of  the  brain  and  its  several  parts,  and  the  stature  of 
Jbhe  body. 

Table  I. 

Table  showing  in  652  adult  males,  at  different  decennial 
periods  of  life,  from  twenty  years  to  eighty  years  and  upwards, 
the  average  weight  and  height  of  the  body;  the  average  weights 
of  the  encephalon  and  its  three  chief  subdivisions ;  the  ratios  of 
each  of  these  to  the  stature,  calculated  in  decimal  parts  of  an 
ounce  to  every  inch  of  height ;  and,  lastly,  the  ratios  of  the 
cerebrum  to  the  cerebellum,  the  latter  being  valued  as  1.  (The 
facts  were  collected  by  Dr  Boyd  in  the  St  Marylebone 
Infirmary.) 
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■078 
•077 
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-078 
•076 
•074 
■073 
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•015 
•016 
•015 
•014 
-014 
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8-09-1 
817 

8 

8 
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8-1 
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•014  .807 


The  numbers  of  the  cases  examined,  given  in  the  first  column 
of  this  table,  show  that  these  are  sufficient  to  yield  fair 
averages  of  heights  and  weights  for  comparison.  Passing  over 
the  second  column,  which  indicates  the  age  of  each  group  of 
cases,  to  the  third,  which  contains  the  weights  of  the  body,  it  is 
seen  that  these  latter,  even  though  reduced  within  certain 
bounds  by  the  system  of  averages,  exhibit  no  regular  proportion 
to  the  heights  of  the  body,  or  to  the  weights  of  the  encephalon 
and  of  its  parts ;  on  the  contrary,  they  remain  far  too  irregular 
to  be  safely  used  as  an  element  in  the  comparisons  needed  for 
the  present  inquiry. 

The  average  height,  in  each  group  of  cases,  is,  however,  as 
shown  in  the  fourth  column,  a  far  more  uniform  and  regular 
factor,  thus  ofifering  itself  to  notice  as  a  safer  basis  of  com- 
parison. 

The  next  four  columns  give  the  average  weights  of  the 
encephalon,  the  cerebrum,  the  cerebellum,  and  the  pons  with  the 
medulla  oblongata,  in  the  several  decades  of  life,  from  twenty  to 
eighty  years  and  upwards.  These  figures  show  that  the  absolute 
weights  of  all  these  parts  culminate,  as  a  rule,  in  the  decennial 
period  extending  from  thirty  to  forty  years,  after  which  they 
decrease,  at  first  slowly,  and  then  more  rapidly  with  advancing 
age.     But  besides  these  now  acknowledged  facts,  the  figures 
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indicate  that  these  several  parts  dimiDish  as  life  advances  in 
different  proportions.  Thus,  the  actual  decrease  in  the  cerebrum, 
the  cerebellum,  and  the  pons  with  the  medulla  oblongata,  be- 
tween the  ages  of  forty  and  eighty,  is  seen  to  be  2*47  oz.,  '19  oz;, 
and  *04  oz.  respectively,  so  that  at  the  age  of  eighty  they  have 
lost  -]^th,  i^th,  and  ^th  of  their  respective  weights  at  the  age 
of  forty.  The  cerebrum,  accordingly,  appears  to  suflFer  more  loss 
firom  the  effects  of  age  than  the  cerebellum,  not  only  undergoing 
a  greater  absolute  diminution,  but  a  greater  amount  of  waste, 
proportionally  to  its  own  size,  an  important  result,  quite  con- 
sistent with  the  presumed  greater  use  of  the  former  organ  in 
relation  to  the  mental  processes. 

The  succeeding  four  columns  contain  the  ratios  between  the 
weights  of  the  encephalon  and  its  three  subdivisions,  on  the 
one  hand,  and  the  statwre  of  the  body  on  the  other,  expressed 
in  decimal  parts  of  an  oz.  av.  to  every  inch  of  height,  as  this 
is  recorded  in  the  fourth  column.  These  stature-ratios  of 
the  several  organs,  as  they  might  be  ternied,  display  a  very 
interesting  progressive  regularity  at  the  different  periods  of  adult 
life  ;  but  they  also  confirm,  or  show  in  another  form,  the  declining 
weight  of  the  encephalon  and  its  parts  as  life  advances,  not  only 
when  considered  in  an  absolute  manner,  but  also,  as  just  pointed 
out,  when  regarded  in  relation  to  the  stature. 

In  the  last  column  but  one  are  set  down  the  ratios  between 
the  weights  of  the  cerebrum  and  cerebeUwni,  at  the  several 
periods  of  life.  These  cerebrO'CerebeUar  ratios  display  consider- 
able irregularity,  dependent  on  the  condition,  not  suiSciently 
recognised,  that  they  result  from  the  comparison  of  two  variable 
factors.  The  importance  of  this  particular  ratio,  standing  by 
itself  has,  indeed,  been  over-estimated ;  for  it  does  not  indicate 
whether  a  large  or  small  proportion  of  cerebrum  to  cerebellum, 
in  any  given  instance,  is  due  to  an  individual  peculiarity  in  the 
weight  of  one  or  other  organ,  or  in  that  of  both  in  opposite 
directions.  To  this  point  I  shall  possibly  recur.  Though  not 
relevant  to  the  present  inquiry,  a  series  of  total  averages  of 
weights  and  ratios  is  given  at  the  bottom  of  the  several  columns, 
not  only  for  the  sake  of  completeness,  but  on  account  of  the 
interest  which  these  possess,  as  will  be  seen  when  they  are  com* 
pared  with  the  corresponding  totals  in  the  next  table. 
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Table  II. 

Table  showing  the  same  facts  as  in  Table  I.,  but  in  relation 
to  715  adult  Females.  (Observed  by  Dr  Boyd  in  the  St 
Marylebone  Infirmary ;  op,  cit,  pp.  249-53.) 

Females. 


i 

Aget, 

Average  Weight 
inlbe. 

Average  Height 
In  inches. 

Average  Weights  In  oz.  Av. 

Ratio  of  WeifThts  in  parts  of  an 
oz.  to  an  inch  of  Height 

Ratio 

of  Cerebrum  to 

Cerebellum. 

En- 
cephalon. 

Cere- 
brum. 

Cere- 
bellum. 

Pons  and 
Medulla. 

En- 
cephalon. 

Cere- 
brum. 

Cere- 
bellum. 

Pons  and 
Medulla. 

70 

20-30 

86-13 

62 

43^7 

38 

4-82 

•88 

•705 

•618 

•077 

■014 

7-9-1  . 

85 

80-40 

87 

62 

43-09 

37^92 

4-74 

•91 

-695 

•611 

•076 

•015 

8 

97 

40-60 

84 

62 

42-81 

37-12 

4-69 

•89 

-690 

•600 

•075 

•014 

7-9 

100 

50-60 

86 

62 

4312 

37-38 

4-62 

•86 

•695 

•603 

•074 

-014 

8 

142 

60-70 

86-14 

61-5 

42-69 

37-13 

4-68 

•83 

•693 

•603 

-076 

•0136 

7-9 

146 

70-«) 

80-4 

61 

41-27 

35-58 

4-47 

-88 

•674 

-583 

•073 

•014 

7-8 

75 

80- 

79-5 

60 

39-77 

84-47 

4-47 

•82 

•668 

•574 

•074 

-013 

7-6 

715 

20-80 

84-19 

61-5 

42-35 

36-82 

4-66 

•87 

-688 

■599 

075 

•014 

7-85 

This  table  illustrates  the  same  general  relations  of  the  brain- 
weights  to  the  age  and  the  stature  in  females,  as  those  already 
given  in  regard  to  males.  The  weights  of  the  body  are  here 
also,  as  in  the  previous  table,  less  regular  than  the  heights. 
On  consulting  the  totals  at  the  bottom  of  the  table,  it  will  be 
seen  that,  on  an  average,  the  female  encephalon  is  about  4^  oz. 
lighter  than  the  male  encephalon — the  diflference  in  the  cerebrum 
of  the  two  sexes  accounting  for  4  ozs.  of  that  quantity,  the  rest 
being  referable  almost  entirely  to  a  diflTerence  of  ^ths  of  an  oz.  in 
the  cerebellum.  It  will  furthermore  be  observed,  however,  that 
these  sexual  diflFerences  are  not  to  be  wholly  explained  by  the 
difference  of  stature  in  the  two  sexes ;  for  the  encephalon  is 
shown  to  be  not  only  absolutely  smaller  in  the  female,  but  to 
be  so  even  relatively  to  the  height  of  the  body.  Thus,  the 
average  proportion  of  entire  brain  in  the  female  series  is  only 
'688  oz.  to  every  inch  of  height,  instead  of  '708  oz.,  as  in  the 
male  series.    It  is,  moreover,  of  importance  to  note  that,  as 
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thus  tested,  the  relative  preponderance  of  the  encephalon  to  the 
body  in  the  male,  or  its  deficiency  in  the  female,  appears  to 
exist  entirely  in  the  cerebrum,  the  average  stature-ratio  of  that 
organ  being  '619  oz.  in  the  male,  and  '599  oz.  in  the  female 
series,  whilst  the  average  stature-ratios  of  the  cerebellum,  and 
of  the  pons  with  the  medulla  oblongata,  are  similar  in  the  two 
sexes.  The  definite  character  of  these  results  is  of  undoubted 
interest,  and  their  confirmation  would  alone  serve  to  prove  the 
value  of  the  mode  of  comparison,  here  adopted,  between  the 
weights  of  the  encephalic  organs  and  the  stature  in  the  two 
sexes. 

On  looking  at  the  figures  in  the  last  column  of  this  table,  it 
will  be  seen  that  the  ratio  of  the  cerebrum  to  the  cerebellum  in 
the  female  series,  exhibits  as  much  irregularity  at  the  different 
periods  of  life,  as  it  did  in  the  male  series  shown  in  Table  I. 

Nevertheless,  on  comparing  the  coiTesponding  figures  in  the 
two  tables,  they  indicate  that,  whilst  with  advancing  age,  the 
proportion  of  cerebrum  to  cerebellum  increases  in  men,  it,  on 
the  contrary,  diminishes  in  women ;  moreover,  the  mean  ratios, 
given  at  the  bottom  of  the  two  columns,  show  that  the  propor- 
tion of  cerebrum  to  cerebellum,  taken  at  all  ages,  from  twenty 
upwards,  is  greater  in  the  male  than  in  the  female  sex,  being 
807  to  1  in  the  former,  and  7*85  to  1  in  the  latter.  But,  as 
already  alluded  to,  these  differences  in  the  cerebro-cerebellar 
ratios  in  each  sex  at  different  ages,  and  in  the  two  sexes  at  all 
ages,  are  so  far  illusory,  as  they  may  be  due  either  to  variations 
in  one  or  other  organ,  or  in  both  organs. 

Now,  a  consideration  of  the  stature-ratios  of  these  organs 
under  the  different  conditions  of  sex  and  age,  as  above  recorded, 
at  once  throws  light  upon  the  questions  at  issue. 

In  the  first  place,  the  difference  between  the  two  sexes 
generally,  as  regards  their  cerebro-cerebellar  ratios,  appears  to 
be  due  to  a  decided  and  real  preponderance  of  cerebrum  in  the 
male,  as  compared  with  the  female,  in  the  proportion  of  about 
62  to  60  {i.€.,  as  measured  against  the  stature,  of  '619  to  '599), 
and  not  to  any  marked  difference  either  way  in  the  cerebellum, 
which,  as  also  measured  against  the  stature,  is  of  equal  size 
(•075)  in  the  two  sexes.  In  the  second  place,  as  regards  the 
opposite  effects  of  age  on  the  cerebro-cerebellar  ratios  in  the 
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two  sexes,  it  is  shown  by  reference  to  the  series  of  stature-ratios 
in  the  male  and  female  series,  at  different  periods  of  life,  that 
the  proportion  of  cerebrum  to  cerebellum  is  modified  by  a  two- 
fold and  contrary  condition  in  each  sex ;  for  whilst,  with  age, 
the  cerebrum  diminishes  less  in  reference  to  the  stature  in  men 
than  in  women,  viz.,  in  about  the  proportion  of  3  against  4  {i.e., 
•629 --600  =  -029  against  -613 --674  =  -039),  the  cerebellum 
diminishes  more  in  men  than  in  women,  viz.,  in  the  proportion 
of  5  to  3  (i.6.,  -078 --073  = -006  against  -077 -074= •003). 
This  curious  result  coincides  entirely  with  a  conclusion  arrived 
at  by  Weisbach  on  other  grounds  {op.  cit.y  p.  317),  viz.,  on  a 
comparison  of  the  weights  of  the  cerebrum  and  of  the  cerebellum 
with  that  of  the  entire  encephalon,  in  a  certain  number  of  men 
aud  women  at  various  ages;  by  which  means  he  shows  that, 
with  age,  in  men,  the  proportion  of  cerebrum  to  the  entire 
encephalon  becomes  greater,  whilst  that  of  the  cerebellum 
becomes  less ;  whereas,  in  women,  with  age,  the  proportion  of 
cerebrum  becomes  less,  and  of  cerebellum  greater,  in  comparison 
with  the  entire  encephalon. 

It  seems  possible,  moreover,  that  the  unobserved  influence 
of  stature  might  serve  to  account  for  the  conclusions  arrived  at 
by  both  Huschke  (Sctiaedel,  Hirnund  Sede  dee  Menschen,  &a, 
Jena,  1854),  and  R  Wagner  ( VoratvAHen,  cfec,  Abhandliingen  der 
Koeniglichen  OeaeUschaft,  &c,,  Goettiifigen,  1861,  p.  93),  to  the 
effect  that  if  the  weight  of  the  body  be  taken  as  a  standard  of 
comparison,  the  cerebrum  appears  to  be  larger  in  women,  and  the 
rest  of  the  encephalon  larger  in  men,  conclusions  not  easily 
admissible,  and  directly  opposed  to  those  of  Weisbach  and 
myself  just  stated.  It  is  likewise  not  impossible  that  a  refer-* 
ence  to  the  effects  of  stature  might  explain,  at  least  in  part,  a 
very  remarkable  and  apparently  incongruous  contrast  observed 
by  Weisbach,  as  existing  between  the  sexes,  in  the  South 
German  and  Sclavonic  brains  which  he  examined,  viz.,  that  in 
the  German  women  the  proportion  of  cerebrum  to  the  entire 
encephalon  was  larger,  whereas  that  of  the  rest  of  the  brain  was 
smaller,  than  the  corresponding  proportions  of  those  parts  in  the 
German  men ;  whilst  in  the  Sclavonic  brains,  the  female 
cerebrum,  as  compared  with  the  entire  brain,  was  relatively 
smaller,  and   the  rest  of  the  brain  (including  the  cerebellum, 
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pons,  and  medulla)  was  larger  than  in  the  male,  in  which  sex 
the  cerebrum  was  relatively  to  the"  entire  brain  larger,  and  the 
cerebellum  smaller.  In  the  Sclavonic  women,  the  cerebrum 
was  relatively  smaller,  and  the  cerebellum,  pons,  &c,  were 
relatively  larger  than  in  the  German  women  (op.  cit,  p.  317). 

Having  thus  examined  the  more  general  effects  of  stature  on 
the  encephalon  and  its  parts,  as  detected  by  a  comparison  of 
average  brain-weights  with  average  heights,  in  the  two  sexes, 
the  next  step  to  be  taken  is  to  endeavour  to  determine  its 
influence,  if  any,  on  the  absolute  and  relative  weights  of  the 
encephalon  and  its  parts  in  individuaLa,  or  groups  of  indi- 
vidicals,  of  different  known  heights,  in  the  two  sexes  separately. 
Now,  in  Dr  Boyd's  published  tables,  there  are  two  series  of 
maximum  and  minimum  heights,  and  maximum  and  minimum 
weights  of  organs,  in  both  sexes ;  but  these  merely  constitute  a 
register  of  the  greatest  and  the  least  heights  and  weights  met 
with  in  his  entire  research,  and  have  no  individv/il  relation  to 
cue  another.  I  accordingly  appealed  to  Dr  Boyd  for  permission 
to  examine  such  of  his  original  documents  as  might  furnish  the 
required  data.  From  two  sets  of  manuscript  tables,  which  he 
at  once  placed  at  my  disposal,  containing  the  heights  and  the 
weights  of  the  organs  required,  in  320  adult  males  and  325 
a>dult  females,  all  belonging  to  the  insane  class  however,  I  con- 
structed the  two  following  tables. 

Table  III. 

Table  showing  the  average  weights  of  the  encephalon  and  its 
parts,  and  the  ratios  between  those  weights  and  the  stature, 
together  with  the  ratios  of  the  cerebrum  to  the  cerebellum,  in 
320  adult  rfiole  lunatics,  ranging  between  twenty  and  eighty 
years  and  upwards,  and  placed  in  five  groups  according  to  their 
heights.  (From  cases  observed  by  Dr  Boyd  in  the  Somerset 
County  Lunatic  Asylum.) 
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Males. 


No. 

of 

Caaes. 

HelghU 
In 

Arerage  Weights  In  02. 

Rstilos  of  Weight  In  parts  of  an 
oz.  to  each  Inch  of  Height 

Ratioa 

of 

Cercbmm 

to 
Cerebel- 
lum. 

Groups 

of 
8  Inches. 

Enceph- 
alon. 

Cere- 
bnun. 

*"°^     MeduUa. 

Enceph- 
alon. 

Gere- 
brnm. 

Cerebel- 
lum. 

Pons 

and 

Medulla. 

67 
133 
103 

81 

8 

70-72 
67-«9 
64-66 
61-68 
58-60 

48  18 
47-88 
46-92 
45-59 
46-02 

41-6 
41-5 
40-8 
89-8 
40-85 

5^47 

5-34 

5-04 

4-8 

4-7 

1-11 

1-09 

1-06 

•99 

■97 

•678 
•708 
•722 
•785 
•780 

•586 
•610 
-627 
•648 
•682 

•077 

■on 

•0775 

•079 

•08 

-015 
•016 
•016 
•016 
•0164 

7-6  tol 
7^    „1 

8       ..1 
81   „1 

8-6   „  1 

820 

1 

70-60 

46-91 

40-81 

d-Oi 

1-05 

•725 

•690 

•078 

•015 

«-03.,l 

Neglecting  the  lowest  group  of  cases,  viz.,  that  between  58 
and  60  inches  in  height,  as  including  so  small  a  number  of  facts, 
it  is  shown  that  between  the  heights  of  61  and  72  inches  the 
absolute  weight  of  the  encephalon  increases  with  the  stature 
by  2*59  oz.,  i,e,,  by  ^^th  of  its  own  weight  at  the  lower  stature. 
Of  this  increase^  the  cerebrum  takes  1*8  oz.,  the  cerebellum  '67 
oz.,  and  the  pons  with  the  medulla  '12  oz.,  i.e.,  quantities 
which  are  equal  to  ^nd,  if th,  and  j^th  of  their  rcspective  weights 
at  the  lower  stature.  Considering  the  size  of  the  two  organs,  the 
cerebellum  in  the  insane,  increases,  therefore,  in  absolute  weight 
more  than  the  cerebrum,  as  the  height  of  the  body  is  increased. 

Studying  next,  however,  the  columns  containing  the  stature- 
ratios,  or  ratios  of  weights  in  ozs.  to  inches  of  height,  it  is  plain 
that,  in  these  cases  also,  the  encephalon  and  its  parts  do  not 
keep  pace  in  growth,  with  the  growth  of  the  body ;  for,  in  each 
instance,  the  proportion  to  eveiy  inch  of  height  becomes  less  as 
the  stature  itself  increases.  In  the  case  of  the  encephalon  the 
proportion  varies  from  '735  to  '678 ;  in  that  of  the  cerebrum 
from  '643  to  '586 ;  and  in  that  of  the  cerebellum  from  '079  to 
'077  decimal  parts  of  an  oz.  to  every  inch  of  height.  Moreover, 
it  is  evident  that  this  diminution  of  the  ratio  of  brain  substance 
to  the  body,  which  appears  to  occur  in  the  taller  insane  indi- 
viduals, is  greater  in  the  case  of  the  cerebrum  than  in  that  of  the 
cerebellum,  amounting  in  the  former  to  i^th  of  the  cerebral 
stature-ratio  at  the  lower  stature,  and  in  the  latter  to  only 
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about  ^-th  of  the  corresponding  cerebellar  stature-ratio.  It  is 
therefore  apparent  that,  relatively  to  the  body,  the  cerebellum 
changes  less,  or,  in  other  words,  follows  the  stature  more  closely 
than  the  cerebrum,  which  condition,  however,  we  shall  find  is 
peculiar  to  the  insane,  and  is  connected  with  the  waste  of  the 
cerebrum,  and  the  preponderance  of  the  cerebellum  due  to  or 
accompanying  the  insanity.  The  unequal  influence  of  stature 
on  these  two  organs  is  also  well  illustrated  by  the  progressive 
differences  in  the  ratios  of  the  cerebrum  to  the  cerebellum,  at 
different  heights  of  the  body ;  for,  whereas,  as  shown  in  the  final 
column,  the  ratio,  in  insane  males  between  58  and  60  inches  in 
height,  is  8'5  to  1,  it  changes  step  by  step,  until  it  becomes 
only  7*6  to  1,  in  persons  measuring  from  70  to  72  inches.  In 
this  case,  the  test  of  stature  shows  most  conclusively  that,  in 
the  insane,  both  organs  diminish  relatively  to  the  body,  as 
the  stature  increases,  but. the  cerebrum  more  than  the  cere- 
bellum. 

It  may  here  further  be  observed  that,  since,  as  already  shown 
in  Tables  I.  and  II.,  the  cerebrum  diminishes  more  according  to 
the  age,  and,  as  now  indicated,  increases  less  according  to  the 
stature,  than  the  cerebellum,  so  the  combined  effect  of  both 
these  influences  in  diminishing  its  stature-ratio  is  greater  in 
tall  than  in  short  persons ;  and,  conversely,  as  the  cerebellum 
diminishes  less  by  age,  and  increases  more  with  the  stature,  so 
the  joint  effect  of  both  these  influences  upon  its  stature-ratio 
will  be  more  marked  in  short  than  in  tall  persona 

From  all  that  has  preceded,  the  cerebrum  presents  itself  to  us 
as  a  more  independent  organ  than  the  cerebellum,  in  reference 
to  the  body  generally ;  for  it  is  less  uniformly  developed  Avith, 
and  in  proportion  to  the  stature,  and  it  undergoes  relatively 
greater  waste  from  age ;  whilst,  on  the  contrary,  the  cerebellum, 
in  both  respects,  shares  the  fortunes  of  the  body  more  closely. 

So  &r  as  can  be  determined,  the  pons  and  medulla  oblongata 
seem,  as  might  be  anticipated,  to  follow  the  condition  of  the 
cerebellum  rather  than  that  of  the  cerebrum. 

Table  IV. 

Table  showing  the  same  particulars  as  Table  IIL,  but  relating 
to  325  adult  female  lunatics,  bdtween  twenty  and  eighty  years 
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of  age  and  upwards.    (From  cases  observed  by  Dr  Boyd  in  the 
Somerset  County  Lunatic  Asylum.) 


Ferrialea. 


No. 

of 

Cases. 

Helghte 

in 
Qroupa 

of 
8  Inches. 

Avenge  Welghto  In  oz.  Av. 

Ratios  of  Weights  In  parts  of  an 
OZ.  to  an  Inch  of  Height 

Ratios 

of 

Cer^bmni 

Enceph* 

BlOQ. 

Cere- 
brum. 

Cerebel- 
lum. 

Pons 

and 

Medulla. 

Enceph- 
alon. 

Cere- 
brum. 

Cerebel- 
lum. 

Pons 

and 

Medulla. 

to 
Cerebel- 
lum. 

8 

118 

185 

65 

6 

67-68 
64-66 
61-68 
58-^ 
54-57 

43-58 
41-88 
43-93 
41-86 
89-08 

86-63 
86-37 
87  11 
85^97 
34 

4-9 

4-68 

4-83 

4-47 

416 

1-01 
-98 
•99 
•93 
-87 

■638 
-644 
-691 
-700 
^7 

•543 

-558 
•598 
•610 
-607 

■073 
•071 

•on 

•075 
•074 

•014 
•015 
•016 
•015 
•015 

7-5   tol 

7-8   „ 

1 
7-7    , 

8-08 .;  1 

8-17  „  1 

1 

835        54-68 

41-54       86-0 

4-59 

■95 

■673 

-588 

•074 

•015 

7-84,,  1 

This  table  shows  that  in  insane  women,  as  in  insane  men, 
the  encephalon  increases  absolutely  in  weight  with  an  increase 
of  stature ;  but  the  quantities  indicated  are  not  quite  so  regular 
as  in  the  corresponding  columns  in  Table  UL,  relating  to  men. 

It  is  also  obvious  that,  taking  a  range  of  stature  in  both  sexes 
of  10  or  11  inches,  i.e.,  from  58  to  68  inches  in  the  females, 
and  from  61  to  72  inches  in  the  males,  the  absolute  increase  is 
much  less  in  the  women  than  in  the  men,  the  quantities 
being,  as  regards  the  entire  encephalon,  1*17  oz.  and  2'59  oz. 
respectively.  In  this  comparison,  of  course,  the  males  selected 
have  an  actually  higher  stature  than  the  females  selected  ;  but, 
if  we  take  an  equal  range  at  similar  statures  in  the  two  sexes, 
viz.,  from  58  to  66  inches,  the  absolute  increase  in  the  encephalon 
in  the  females  is  '52  oz.  and  in  the  males  '9  oz.  As  to  the 
cerebrum  and  cerebellum,  considered  separately,  the  former 
organ  shows  a  somewhat  greater  tendency  than  the  latter  to  an 
absolute  increase  in  the  taller  women,  as  compared  with  the 
increase  in  the  taller  men,  being  -j^th  and  ^th  of  the  absolute 
weights  at  the  lowest  stature,  instead  of  ^nd  and  ^th. 

Furthermore,  the  fact  id  apparent,  from  the  stature-ratios  in 
this  table,  that  the  weight  of  the  encephalon  and  its  parts 
diminishes,  in  the  insane  women  as  in  the  insane  men,  relatively 
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to  the  stature,  as  this  last  increases.  The  diminution  of  the 
female  cerebrum  in  proportion  to  the  stature,  as  observed 
between  the  heights  of  58  and  68  inches,  is  measured  by  |  th  part 
of  the  stature-ratio  at  the  lower  height ;  whilst  that  of  the 
cerebellum  amounts  to  only  ^'^th  part  of  its  corresponding  stature- 
ratio.  This  is  for  a  difference  of  10  inches  of  height,  whereas 
for  11  inches  difference  in  the  male,  the  coiTesponding  quantities 
were  ^|^th  and  ^th  part.  Hence,  stature  had  a  greater  influ- 
ence in  the  women  than  in  the  men. 

It  is  shown,  moreover,  by  comparing  the  columns  containing 
the  ratios  between  the  weights  of  the  encephalon  and  its  parts, 
and  the  stature,  in  this  Table  and  in  Table  III.,  that  not  only 
the  average  stature-ratios  given  at  the  bottom  of  each  Table, 
but  the  stature-ratios  at  identical  heights  of  the  body,  in  the  two 
sexes,  indicate  a  greater  proportionate  weight  of  brain-substance 
to  every  inch  of  height  in  the  male,  than  in  the  female  series. 
This  evidently  depends  upon  aexvxil  differences  in  the  ence- 
phalon and  its  parts  overriding  the  influence  of  mere  stature  ; 
which  latter,  by  itself,  ought  to  induce  a  lower  ratio  of  brain- 
weights  to  the  stature  in  the  taller  sex.  The  import  of  this 
will  not  be  overlooked.  It  becomes  still  more  interesting  when 
we  observe  that  this  smaller  proportion  of  brain-substance  to 
the  stature  in  the  female  sex,  as  compared  with  the  male,  chiefly 
concerns  the  cerebrum,  only  slightly  the  cerebellum,  and  almost 
imperceptibly  the  pons  with  the  medulla,  as  may  be  seen  on 
comparing  the  mean  stature-ratios  of  each  organ  in  the  two 
sexes  shown  at  the  bottom  of  each  column. 

In  conclusion,  it  is  seen  that  the  mean  ratio  of  the  cerebrum 
to  the  cerebellum  is,  likewise,  smaller  in  the  female  than  in  the 
male  encephalon,  being  as  7*84  to  1  instead  of  8*02  to  1.  It  is 
only,  as  already  observed,  by  referring  to  the  test  of  the  stature- 
ratio  of  both  organs,  that  we  can  say  positively  that  this  is 
owing  to  a  sexual  diminution  of  the  cerebrum,  and  not  to  a 
sexual  enlargement  of  the  cerebellum ;  indeed,  at  average  or 
even  identical  heights,  this  latter  organ  is,  relatively  to  the 
stature,  itself  somewhat  smaller  in  women,  so  that  to  establish  a 
lower  cerebro-cerebellar  ratio,  the  cerebrum  must  be  relatively 
still  smaller.  In  the  female,  es  in  the  male  series,  the  cerebro- 
cerebellar  ratio  diminishes  as  the  stature  increases,  also  owing 
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to  the  more  marked  diminutioD  of  the  cerebrum,  as  compared 
with  that  of  the  cerebellum,  in  the  taller  women. 

As  Tables  III.  and  IV.  were  compiled  from  observations  made 
upoa  the  insane,  and  irrespective  of  a^,  it  seemed  to  be  most 
desirable  to  collate,  in  a  similar  manner,  but  also  with  reference 
to  age,  the  numerous  facts  collected  by  Dr  Boyd  amongst  the 
8ane,  so  that  I  again  applied  to  him ;  whereupon,  he  promptly 
offered  to  reduce  all  the  available  data  in  his  possession,  relating 
to  both  the  sane  and  the  iusaae,  into  suitable  tabular  forms 
for  the  purposes  of  the  present  investigation.  From  the  full 
tabulated  results  of  his  labours  the  following  condensed  tables 
have  been  derived. 

Tables  V.  and  VL 

Tables  showing  the  average  weights  of  the  encephalon  and 
its  parts,  at  seven  decennial  periods  of  adult  life,  from  twenty 
years  to  eighty  years  and  upwards,  in  1150  sane  persons,  viz., 
Males. 
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598  males  and  552  femalea,  and  in  725  insaTie  persons,  viz.» 
400  Tnales  and  325  females,  being  a  total  of  1875  persons, 
arranged  vertically  in  three  groups,  according  to  certain  selected 
heights,  viz.,  the  males,  in  groups  measuring  69  inches  and 
upwards,  68  to  66  inches,  and  65  inches  and  under,  and  the 
females,  in  groups  measuring  64  inches  and  upwards,  63  to  61 
inches,  and  60  inches  and  under.  The  tables  also  show  the 
number  of  cases  examined  under  each  head.  The  figures 
relating  to  the  sane  are  in  upright  Roman  type,  those  relat- 
ing to  the  insane  in  Old  Style  type.  (Reduced  from  a  table 
constructed  by  Dr  Boyd  firom  data  observed  in  the  St 
Maryldbone    Infirmary    and    the    Somerset    County  Lunatic 

Asylum.) 
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These  two  rather  copious  tables  contain  much  valuable 
information  in  a  condensed  form.  They  supply  materials  for 
certain  comparisons  between  the  insane  and  the  sane ;  and  in 
regard  to  the  latter,  they  not  only  serve  to  confirm  certain  con- 
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elusions  already  arrived  at^  tod  skated  in  the  preceding  pages^ 
but  they  furnish  a  series  of  approximately  accurate  weights, 
with  which  to  compare  the  brain-weights  of  any  given  indi* 
vidual  of  either  sex  and  of  any  age  and  height,  and  they  also 
enable  us  to  proceed  to  isolate  the;  separate  influences  of  sejCi 
age,  and  stature  on  the  weight  of  the  encephalon  and  its  parts, 
in  a  sufficient  number  of  ca^es  of  sane  persons  to  render  the 
results  reliable. 

For  these  latter  purposes,  however,  the  tables  may  be  still 
further  condensed,  by  arranging  their  numerous  data  into  three 
groups  corresponding  with  the  ages,  instead  of  seven— viz.,  one 
containing  the  data  relating  to  persons  between  twenty  aad 
forty  yeaxa  of  age,  when  the  brain  has  reached  its  prime ;  a 
second,  those  relating  to  pei^ons  between  forty  and  seventy 
years  of  age,  during  which  period  the  brain  gradually  declines 
in  weight ;  and  a  third,  those  relating  to  persons  beyond  seventy 
years  of  age,  in  whom  the  brain  has  become  actually  senile. 
The  following  tables  are  the  restilt. 

t 
TablKs  Vlt  and  VIIL  _ 

Tables  showing,  in  the  sane  and  the  insane  of  both  sexes, 
the  average  weights  of  the  encephalon  and  its  several  parts, 


Males. 


■  ■'.  I   f..  ..■ 


■tfc  I  »i 


••  -  ^  '- 


I    mi 


■  i'       I   II  ■ 


I 

I 


115 
4« 


AB«. 


59fl 
400 


|- 20-40  j 
!■  40-70 -j 
t 70-90  i 


[■SD-90 


{ 


Statare  69  Inches  and 
upwards. 


I 


s 


49-72 

48-69 
4S*15 

47*74 
46-92 

47-06 


48-40 

48 


iA«J 


48 -id 
42103 
42-1 

4«*«3 
4M9 

40*66 


42-84 

41-46 


r     ■ 

M 


6-29 

5*57 
5*09 

5*4X 
4-8 

5-16 


6-09 
5*44 


i 
I 


1 

I'l 

•96 
1*1 

•93 

1*04 


x'l 


Statiil>e  68  to  66  InctrtM. 


I 

I 


47-99 

4^x8 

47-08 

46103 

46 

46^ 


47-18 

46-86 


I 


41-0 

4X-9 
41-01 

39"8 
40-1 
4o\>a 


41*08 
40-65 


I 


fi-09 
5*28 

5-1 

5*93 

4-9 


«-06 

5*2X 


<; 
< 


W 


•99 


Stature  65  Inches  aad 
under. 


I 


45-84 
45-74 

45-32 
44-15 

4»-98 


45*61 
45 'S* 


B 

e 
I 

6 


41-15 

39*74 
89-88 

39*39 
88-6 

36'93 


89-84 
39-27 


£ 


4-9 

5*x 
4-96 

4-9« 
4-65 

4*95 


4-87 
Soa 


§ 


•9 
I 
■9 

i'oa 
•9 
1*1 


X-09 


WEIGHT  OF.  BRAIN  TO  STATOBJE  AND  MASS  OF  BODY.        463 

arranged  in  three  horizontal  divisions  corresponding  with 
certain  periods  of  life,  and  three  vertical  divisions  corresponding 
with  certain  difference  of  stature.  The  figures  relating  to  sane 
are,  as  before,  in  Roman,  and  those  relating  to  the  insane  in 
Old  Style  type.    (Reduced  from  Tables  V.  and  VL) 
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The  average  weights  in  these  tables  have  been  obtained, 
not  by  siniply:  combining  those,  in  the  fuller  tables,  but  by 
multiplying  the  weight,  in  each  case,  by  the  number  of  brains 
examined  at  that  weight,  adding  the  products  thus  obtained, 
and  dividing  the  totals  by  the  total  number  of  brains  examined 
in  the  entire  group.  The  general  averages,  shown  in  the  two 
bottom  lineiB,  of  the  absolute  weights  of  the  several  parts  at  all 
ages,  from  twenty  yoATS  upwards,  have  been  arrived  at  in  a 
similar  manner. 

In  order  fully  to  utilise  the  information  contained  in  Tables 
VII.  and  VlII.,  it  was  necessary  to  ascertain  the  stature-ratios  of 
the  enoephalon  and  its  parts,  which  is  done,  as  before,  by  divid- 
ing the  average  weights  of  those  parts  by  the  mean  heights  in 
inches,  in  each  of  the  three  groups.  It  has  been  found  by 
Dr  Boyd,  and  I  have  verified  his  conclusions,  that  the  three 
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groups  of  males,  70,  67,  and  63  inehefl,  and  the  three  groups  of 
females,  65,  62,  and  59  inches,  may  be  accepted  as  practically 
representing  the  mean  heights  of  the  individuals  in  the  six 
several  groups  respectively*  The  following  interesting  tables 
of  stature-ratios  are  the  result. 


Tables  IX.  and  X. 

Tables  showing  the  encephalic  stature-ratios,  or  ratios  of  the 
weights  of  the  encephalon  and  its  parts,  to  the  stature  in  1.857 
persons,  male  and  female,  sane  and  insane,  the  same  as  those 
to  which  Tables  V.  to  VIII.  relate.  They  are  arranged,  as 
before,  in  three  horizontal  divisions  according  to  age,  and  three 
vertical  divisions  according  to  the  stature.  The  cerebro- 
cerebellar  ratios  are  also  given  at  each  age,  and  at  the  several 
heights.  Lastly,  at  the  bottom,  are  the  general  ratios  at  all 
ages  at  the  different  heights.  Roman  and  Old  Style  figures  are 
again  employed  to  distioguish  the  sane  from  the  insane. 
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Females. 
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In  examining  the  preceding  six  tables,  from  V.  to  X.  inclusive, 
I  may,  by  a  slight  digression,  first  dispose  of  certain  contrasts 
which  they  present  between  the  sane  and  the  insane. 

Although  Parcbappe  found  that  in  the  cases  of  insanity  which  he 
first  examined,  the  brain  was  on  the  whole  larger  than  in  the  sane 
in  both  sexes,  but  especially  in  men,  be  subsequently  detected  the 
fact  that  in  advanced  forms  of  insanity,  the  brain  became  smaller 
than  in  the  sane  at  corresponding  ages.  Dr  Skae,  again,  found  that 
the  brain-weight  in  the  insane  was  greater  than  in  the  sane.  Dr 
Thumam  and  others,  even  Parcbappe  himself,  endeavour  to  explain 
these  discrepancies  by  reference  to  the  influence  of  different  forms 
of  insanity,  differences  of  class,  and  other  causes.  Dr  Skae,  in 
particular,  pointed  out  that  the  weight  of  the  cerebellum  was  often 
increased  in  insanity,  and  attributed  the  increased  weight  of  the 
entire  encephalon  to  this  circumstance ;  but,  in  the  weight  of  the 
cerebellum,  he  included  that  of  the  pons  with  the  medulla  oblongata. 
Since,  however,  the  question  of  the  influence  of  stature  has  been 
by  these  and  all  other  observers  disregarded,  or  rather  uninvesti- 
gated, some  interest,  it  will  be  admitted,  attaches  to  an  examination 
of  the  subject  with  this  additional  aid  to  the  research. 

In  Tables  V.  and  VI.  it  is  seen  that,  in  the  42  instances  of 
comparison  between  the  sane  and  the  insane,  of  corresponding 
mean  stature  as  well  as  of  corresponding  mean  age,  in  the  two 
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Bcxes,  the  cerebrum  is  smaller  in  the  insane  in  26  instances, 
whilst  the  cerebellum  is  larger  in  the  insane  in  31  instances. 
In  regard  to  each  organ  there  are  a  few  examples  of  equality, 
or  of  a  very  close  approach  to  it.  The  pons  and  medulla  are 
larger  in  the  insane  in  34  instances,  and  equal  to  those  of 
the  sane  in  the  remaining  7  instances.  The  entire  encephaloD 
is  just  as  frequently  larger  as  it  is  smaller  in  the  42  instances. 

Again,  in  Tables  VII.  and  YIIL,  in  the  18  instances  of  com- 
parison therein  contained,  it  is  seen  that  in  the  insane,  as  con- 
trasted with  the  sane,  the  cerebrum  is  smaller  in  14  and  equal 
in  1 ;  the  cerebellum  is,  on  the  contrary,  larger  in  13  and  equal 
or  almost  so  in  3;  the  pons  with  the  medulla  is  larger  in  16 
and  equal  in  the  other  2;  and,  lastly,  the  entire  encephaloa 
is  smaller  in  10,  equal  in  1,  and  larger  in  the  remaining  7. 
Moreover,  if  we  compare  the  results  of  the  six  pairs  of  total 
averages  in  the  bottom  lines  of  these  two  tables,  the  insane 
cerebrum  is  the  smaller  in  all  6  instances ;  the  insane  cerebellum 
is  the  larger  in  5  instances,  and  almost  equal  in  1 ;  the  insane 
pons  and  medulla  is  lai*ger  in  all  instances ;  and  the  insane  entire 
encephalon  is  smaller  in  4  instances  out  of  the  6. 

Now,  as  the  mode  in  which  these  data  have  been  obtained 
includes  a  classification  of  all  the  cases,  both  sane  and  insane, 
a;iscording  to  stature,  it  is  certain  that  we  may  now  conclude, 
without  the  fear  of  being  deluded  by  any  fallacy  attributable 
to  its  influence,  that  in  a  given  number  of  persons  dying  afflicted 
with  all  the  various  forms  of  insanity,  the  cerebrum  is  more 
commonly  smaller,  the  cerebellum  still  more  frequently  larger, 
and  the  pons  with  the  medulla  almost  invariably  larger,  and 
never  less,  than  in  the  sane  condition.  As  to  the  entire  ence^ 
phalon,  this  is  smaller  or  larger  with  nearly  equal  frequency. 

The  stature-ratios  of  the  several  parts  of  the  encephalon,  and 
of  the  encephalon  itself,  given  in  Tables  IX.  and  X,  are 
necessarily  quite  accordant  with  these  conclusions;  but  they, 
moreover,  serve  to  correct  any  erroneous  inferences  which  might 
be  formed  from  a  comparison  of  the  cerebro-cerebellar  ratios,  at 
the  different  periods  of  life,  and  at  the  different  heights  of  the 
body,  in  the  sane  and  the  insane.  These  laat*named  ratios 
show,  for  example,  that,  with  three  exceptions,  the  proportion  of 
cerebrum  to  cerebellum  is  invariably  smaller  in  the  insane  than 
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ia  the  aaae ;  in  two  of  tbeiSQ  pases  o{  exception  ife  is  equal,  aad 
in  one  only  ia  it  lea^  ]n  the  general  averages  recorded  at  the 
bottom  of  the  table,  it  is  cieeQ  that  in  the  males  the  cer^hro- 
cerebellar  ratio  ranges  in  the  saoQ  from  8*1  to  88  to  1,  aad  in 
the  insane  from  7'6  to  7*8  to  1 ;  in  the  females,  the  same  ratio 
varies  from  7'9  to  8  to  1,  whilst  the  insane  ratio  ranges  from 
7*6  to  7'9  to  1.  But  it  is  obvious  that  this  difference  in  the 
ratios  may  be  otherwise  expressed,  vi^,  that  the  proportion  of 
cerebellum  to  cerebrum  is  larger  in  the  insane.  In  by  far  the 
greater  number  of  the  ii^stances  noted  in  the  tables,  i(  is 
undoubtedly  due  to  opposite  deviations  as  to  size  in  both  of  the 
OEgans  concerned.  By  comparing  their  respective  stature-ratios, 
in  the  sane  and  the  insaqe,  it  is,  however,  at  pace  made  plaia 
that,  consideriag  the  $ize  of  each  organ,  the  cerebellum  is 
increased  in  insanity  far  more  than  the  cerebrum  is  diminished, 
the  former  organ  being  iaoreased,  pn  £^  general  aven^ge,  by 
about  ^th  part  of  its  weight  in  the  males  and  by  ^th  part  in 
iihe  females,  and  the  latter  organ  being  diminished  by  about 
^^5lh  part  of  its  weight  in  the  males  and  by  7^3 th  part  in  the 
femalea  The  male  cerebellum,  therefore,  as  thus  tested, 
increases  more  than  the  female  cerebellum,  whilst  the  mal^ 
cerebrum  diminishes  more  than  the  female  cerebrum,  under 
the  influence  of  insanity  generally,  Hence,  as  is  seen  on  con« 
suiting  Tables  IX,  aod  Z.,  the  cerebro-cerebellar  ratio  deviates 
more  from  the  healthy  standard  in  the  male  series  than  iq  the 
female  series  of  the  insane. 

The  further  prosecution  of  this  subject  I  have  left  in  the 
hands  of  specialists ;  but  it  raay  be  here  stated  generally,  that 
an  analysis  of  the  MS.  data,  from  which  I  constructed  Tables 
ILL  and  IV.,  shows  that  in  mania  and  recurrent  mania  the 
cerebrum  is,  on  an  average,  larger  than  normal ;  in  melancholia 
it  is  slightly  above  the  normal  size ;  whibt  in  general  paralysis, 
dementia,  and  fatuity  it  is  below  the  average.  In  epilepsy 
it  is  below  the  normal  in  the  males,  but  above  it  in  the  females. 
On  the  other  hand,  the  cerebellum  is,  in  all  forms  of  insanity 
(excepting  in  fatuity  in  the  males  only),  larger  than  ia  the 
sane,  but  especially  so  in  mania,  recurrent  mania,  and 
melancholia ;  it  is  likewise  so,  in  general  paralysis  and 
dementia^  and  even  in  fatuity  in  the  females.    The  entire 
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encephaloQ  id  heavier  only  in  mania,  recurrent  mania,  and 
melancholia.  Dr  Boyd's  more  complete  analyses  of  his  data 
will,  I  believe,  confirm  these  conclusions. 

The  digression  which  I  have  been  tempted  to  make  has 
brought  out  facts  which  serve  in  part  to  explain  the  discrep* 
ancies  amongst  the  different  observers  above  alluded  to,  as  to 
the  wdight  of  the  entire  brain  in  insanity.  The  effects  of 
difference  of  nationality,  class,  and  education  may  explain  the 
rest.  It  is  certain  that  the  test  of  stature,  or  the  correction 
dependent  on  the  stature  equation,  as  applied  herein  to  the 
insane  generally,  should  be  also  applied  to  persons  labouring 
under  the  different  kinds  of  insanity.  In  reference  to  the 
former,  it  proves  most  conclusively  that  any  observed  increase 
in  the  weight  of  the  entire  encephalon  in  the  insane  is  not  due 
to  an  increase  in  the  cerebellum  only ;  for,  on  consulting  even 
the  full  Tables  V.  and  YI.,  it  will  be  found  that  in  the  instances 
in  which  this  is  the  case,  the  cerebrum  is,  with  only  two  trifling 
exceptions  in  the  other  direction,  itself  larger  than  in  the 
corresponding  group  of  the  sane.  As  to  the  unequivocal 
evidence  of  deviations  in  the  cerebrum  and  cerebellum  of  the 
insane,  shown  even  when  the  effects  of  stature  are  duly  con- 
sidered and  allowed  for,  they  would  seem  to  be  of  the  greatest 
interest.  The  cerebrum,  the  organ  of  the  higher  mental 
faculties,  becomes  somewhat  larger  or  heavier  in  the  acute 
forms  of  madness ;  whilst  in  the  chronic  or  exhaustive  forms  of 
insanity  it  becomes  smaller  or  lighter.  How  far  this  is  a 
physiological  or  a  pathological  deviation  is  for  inquiry  elsewhere. 
With  regard  to  the  cerebellum,  it  at  least  never  loses  weight  or 
size  in  insanity;  but,  as  a  rule,  and  in  all  forms  of  mental 
disorder,  and  especially  in  the  more  active  forms,  it  is  even 
much  enlarged*  Has  this  a  physiological  or  a  pathological 
significance  ?  If  physiological,  does  this  indicate  some  possible 
association  of  the  cerebellar  functions  with  our  emotional  as 
well  as  with  our  co-ordinated  motorial  activities  ?  May  its  pre- 
ponderance over  the  cerebrum  precede  and  so  imitate  certain 
forms  of  insanity ;  and  may  this  suggest  the  groundwork  of  pre- 
ventive, corrective,  or  curative  treatment,  by  the  employment 
of  strictly  intellectual  training  on  the  one  hand,  and  of  simple 
corporeal  exercises  on  the  other,  so  as  to  check  or  divert  the 
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action  of  the  over-developed  or  over-developing  cerebellum  ?  If 
pathological,  does  this  indicate  a  relatively  greater  amount  of 
chronic  inflammation  aod  condensation  of  the  neuroglia  of  the 
cerebellum  than  of  the  cerebrum. 

Reverting  now  to  the  general  consideration  of  the  facts  re- 
corded in  the  Tables  V.  to  X.,  in  which  the  influence  of  stature  is 
specially  eliminated  from  that  of  age  and  sex,  it  may  be  noted,  in 
the  first  place,  that,  as  the  ascertained  mean  stature  in  the  male 
sex  is  about  66*5  inches,  and  that  in  the  female  sex  about  62 
inches,  it  follows  that  in  each  of  these  tables,  the  central  group 
of  the  vertical  series  contains,  as  nearly  as  may  be,  the  normal 
weights  and  normal  stature-ratios  of  the  encephalon  and  its 
parts,  and  the  normal  cerebro-cerebellar  ratios,  for  persons  of 
mean  stature  in  the  two  sexes.  This  applies  equally  to  the 
insane  and  to  the  sane. 

In  the  second  place,  if  it  be  desired  to  test  the  size  of  any 
individual  encephalon  and  its  parts,  these  may  at  once  be  com- 
pared with  the  average  weights  of  those  organs,  given  in  Tables 
V.  and  VL,for  persons  of  corresponding  age  and  stature,  accord- 
ing to  the  sex  ;  and,  in  this  manner,  a  safer  basis  is  obtained  for 
determining  any  individual  deviation  from  the  normal  weights. 
In  the  case  of  the  late  Mr  Grote's  brain,  for  example,  this  was 
precisely  the  test  which,  being  required,  could  not  be  obtained. 
In  the  third  place,  an  examination  of  the  fuller  Tables  Y.  and 
VI.,  and  of  the  condensed  Tables  VII.  and  VIII.,  shows  at  a 
glance  the  respective  influences  of  sex,  age,  and  stature,  more 
accurately  defined  from  each  other  by  separating  that  of  stature 
in  the  manner  already  explained,  the  advantage  of  which  is 
thereby  illustrated.  The  effects  of  age,  in  the  two  sexes,  are 
traceable  by  following  the  perpendicular  columns  of  figures; 
and  those  of  stature  by  tracing  the  corresponding  numbers  along 
the  horizontal  lines.  Unless  where  the  cases  examined  are  too 
few,  the  progression  of  the  several  absolute  weights  vertically 
and  horizontally  is  very  regular.  These  absolute  weights  are 
seen  to  diminish  with  age,  and  also  with  a  decrease  of  the 
stature,  in  the  manner  already  described. 

As  to  the  relative  weights  of  these  several  parts,  when  com- 
pared with  the  stature,  or  their  stature-ratios,  which  are 
exhibited  in  Tables  IX.  and  X.,  it  is  not  only  shown  that  these 
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become  lesa  at  the  higher  Btatqros  ia  both  se^es,  but  it  is  also 
^videob  that  not  oaly  are  the  encepbaloa  and  its  parts  absolutely 
heavier  in  the  male  thaa  in  the  female,  but  also  relatively 
heavier  in  reference  to  the  height  of  the  body ;  and  this  is  tme 
at  all  ages  and  at  all  heights.  Even  at  equal  or  nearly  equal 
heights,  as,  for  example,  in  the  male  group  at  65  inches  and 
under,  and  the  female  group  at  64  inches  and  upwards,  the 
relative  preponderance  of  the  male  enoephalon  and  its  parts,  as 
tested  by  reference  tio  the  stature,  becomes  more  apparent ;  for, 
in  this  case,  the  effect  of  stature  is  towards  increasing  the  ratio 
in  the  male  series,  but  towards  diminishing  the  ratio  in  the 
female  series.  Another  reference  to  Tables  VII.  and  YLLL  will 
show,  moreover,  that  the  encephalon  aad  its  parts  are  also 
absolutely  heavier  in  the  shortest  males  than  in  the  tallest 
females,  although  their  actual  heights  are  approximately  similar. 
The  sexual  character,  in  fact,  overpowers  the  influences  of 
stature. 

It  will  be  observed  that  as  the  effect  of  iacreasing  age  is  to 
diminish  the  brain  not  only  absolutely  bub  relatively  to  the 
height  of  the  body,  which  remains  practically  unaltered,  and  as 
the  effect  of  increasing  stature  is  to  increase  the  brain  absolutely, 
but  to  diminish  it  relatively,  so  the  joint  effect  of  increasing 
age  and  increase  of  stature  is  greater  than  either  of  these  causes 
operating  by  itself.  Hence,  the  lowest  proportion  of  biuio  to  the 
body  ia  bo  be  found  in  the  tallest  aad  oldest  persons  of  either 
sex  (see  the  left-hand  bottom  corners  of  Tables  IX.  and  X.),  and 
the  highest  proportion  of  brain  in  the  shortest  and  youngest 
persons  <see  the  right-hand  top  corners  of  those  tables). 

In  the  fourth  place,  we  may  employ  the  data  collected 
together  in  the  preceding  tables,  for  the  purpose  of  separating 
and  expressing  in  more  precise  terms,  aad  indeed  numerically, 
as  shown  in  the  following  tabular  statement,  the  several  effects 
of  sex,  age,  and  stature  on  the  absolute  weights  of  the  en- 
cephalon and  its  parts,  and  on  the  relative  weights  of  those  parts 
in  reference  to  the  body  as  measured  by  its  height. 
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(1)  Effects  on  the  AbaUute  Weights  of  the  Porte. 


i                           .      ,.            .  .., 

On  the  Encephakm. 

Of  Sex. 

Of  Age. 

Of  Statare. 

Ox. 

Tears. 

Males.    Females. 

Inches. 

1 

Males. 

Inches. 

Females. 

Total     "V  Hales,      . 
Adults 

at  ail       -Females,  . 
AfBsand 

47-05 
49-99  : 

90-40 
70-90 

48-5ft 
45-7 

48-99 
40-1 

70 
68 

48-4 
45-6    , 

64 
59 

49-76 
41-58 

4-88. 

••« 

9-85 

819    1        7 

9-8     1       6 

1-98 

On  the  Oerebram. 

Total     ^  Males,      . 

Adults     1 

stall      vFemaleS|  . 
Ages  and  1 
Heights,  j  Differeuoes, 

41-08 
86*77 

90-40 
70-90 

4916 
89-96 

87-71 
84-86 

70 
63 

42-84 
89-84 

65 
59 

87-89 
86-17 

4-81 

... 

9-90 

9-85 

7 

9-5 

6 

115 

On  the  Cerehellnm..  . 

Total     *) 

Adults 

stall 
Ages  and 
Hdghts.  ^ 

Males,      . 
'  Females,  . 
Dfflbrences, 

'  1 

4-89 

1   90-40 
7(^90 

ft-09 
4^ 

4-78 

4H7 

70 
68 

5-09 
4-87 

65 
59 

4-62 
4^5 

•41 

•  •• 

-64 

•96 

7 

•29 

6 

•19 

Of  Sex,  Age,  and  Stature  combined. 

Tean. 

On^e 

Encephalon. 

Ontlie 
Cerebrum. 

On  the 
Cerebellum. 

In  Males, 

• 

90l40  at  70  inehea, 

49«T9 

■  4848 

5-29 

II             •       • 

a 
• 

70-90,,  68      „ 
DIfftorances, 
20-40  at  6ft  inches, 

44-15 

88-6 

4-65 

1 

5*57 

4-88 

•61 

In  Females,    . 

44-64 

8914 

4-7 

II            •       • 

t 

70-90  „  59      „ 

89-59 

84-86 

4*86 

Dlfferenc 

M,      • 

5-06 

4-78 

•84 

.(2)  Effects  on  the  Weights  of  the  Parts  rdatively  to  the  Stature, 


On  the  Encephalon. 

Of  Hex. 

1   ,                        ■     ■  ■            ' 

Of  Age. 

1 

or  Stature. 

Total     ^  Malea,  .    . 
Adults     1 

of  all      V  Females,  . 
Ages  and  1 
Heights.  J  Differences, 

Oz,    ,    Years. 

1 1 

Males. 

Females. 

Inches. 

Malea. 

Inches. 

Females. 

•706 
•680 

20-40 
70-90 

•721 
•685 

•699 
•647 

63 
70 

•728 
•691 

59 
65 

•718 
•657 

•026  ;       ... 

•036 

•062 

7 

•082 

6 

•056 
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(2)  Effects  on  the  Weights  of  the  Parts  relatively  to  the 

Stature — continued. 


f 

On  the  Cerebrum. 

Of  Sex. 

Of  Age. 

Of  Stature 

Oz. 

Years, 

Males. 

Females. 

1 

Inches. 

Males.  1  Inches. 

Females. 

Total     1 
Adults 

of  all 
Ages  and 
Heights.  , 

Total     ^ 
Adults . 
of  all 
Ages  and 
Heights.  ^ 

Males,  • 
-Females,  . 
Differences, 

Males, .    . 
'  Females,  . 
Differences, 

•617   , 
•598 

20-40 
70-90 

•682 
•599 

•610 
•562 

68 
70 

•632 
•605 

59 
65 

•61S 
•574 

•024  1 

■075 
•078 

•  •• 

On 
20-40 
70-90 

•083 

^eCerel 
•077 
•071 

•048 

bellom. 
•076 
•074 

7 

68 

70 

•027 

•077 
•072 

6 

59 
65 

•039 

•076 
•071 

•002 

••• 

•006 

•002 

7 

•005 

6 

•oos 

• 

Of  Sex,  Age,  and  Stature  combined. 

Tears. 

On  the 
Encephalon. 

On  the 
Cerebrum. 

On  the 
Cerebellum. 

In  Males, 

In  Females,    . 
»i            • 

• 
• 

• 

20-40  at  68  inches, 
70-90  „  70      „ 

DllTerences,      . 
20-40  at  59  inches, 
70-90  „  65      „ 

•787 
•670 

•658 
•588 

•07 
•068 

■007 

•065 

002 

715 
•682 

•628 
.   '550 

•078 
•069 

Differen 

oes,    . 

D88 

•078 

•009 

Proceeding  now  to  summarise  the  various  -results  above 
recorded,  it  has  to  be  noted,  that  of  the  quite  obvious  increase 
in  the  absolute  weight  of  the  entire  and  sane  encephalon, 
accompanying  an  observed  increase  in  stature,  the  cerebrum,  in 
both  sexe3,  necessarily  takes  a  larger  share  than  the  cerebellum* 
In  the  males,  for  example,  the  total  increase  in  the  encephalon 
ab  the  higher  stature  amounts  to  2*8  oz.,  i.e,y  to  somewhat  more 
than  -j^gth  of  its  weight  at  the  lower  stature ;  whereas  the 
increase  in  the  cerebrum  alone  is  2'5  oz.,  and  in  the  cerebellum 
'22  oz.,  i.e.,  less  than  -j^^th  and  about  ^nd  of  their  respective 
weights  at  the  lower  stature.  Or,  again,  the  facts  may  be  thus 
expressed: — The  relative  weights  of  the  cerebrurn  and  cerebellum 
being  8  to  1,  the  relative  increase  in  the  two  organs,  as  above 
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indicated,  is  11  to  1,  so  that  the  cerebrum  not  only  absolutely, 
but  even  in  reference  to  its  own  weight,  increases  rather  more 
with  increasing  stature  than  the  cerebellum  in  reference  to  its 
weight.  In  the  insane,  however,  as  we  have  seen,  the  reverse 
of  this  happens,  owing  chiefly  to  the  exaggerated  size  of  the 
cerebellum. 

But,  notwithstanding  this  increase  in  the  absolute  weight  of 
the  encephalon  and  its  parts  in  obedience  to  an  increase  of  the 
stature,  it  is  shown,  beyond  doubt,  by  reference  to  the  ratios  in 
the  second  part  of  the  preceding  tabular  statement,  that  the 
increase  in  the  weight  of  the  great  nervous  centres  does  no 
keep  pace,  pa/ri  passUy  with  the  stature.  On  the  contrary, 
there  is  a  gradual  and  progressive  relative  diminution  in  the 
proportion  of  encephalon,  or  brain-substance,  to  the  stature,  as 
this  latter  itself  increases.  This  condition  reminds  one  of  the 
well-known  fact  that,  in  the  Yertebrata  generally,  but  especially 
amongst  Mammalia,  the  brain  is  proportionally  smaller,  as  com- 
pared with  the  weight  of  the  body,  in  the  larger  than  in  the 
smaller  species,  even  when  these  belong  to  the  same  or  to  closely 
allied  genera.  This  relative  diminution  in  the  size  of  the  ence- 
phalon in  taller  individuals  of  the  human  race,  it  will  be  seen,  is 
equally  true,  if  we  take  the  range  of  stature  in  both  sexes 
together,  or  in  either  sex  separately.  It  is  evident  that  short 
persons  of  either  sex  have,  proportionately  to  their  height,  a 
larger  amount  of  brain  than  taller  ones.  Nevertheless,  as  shown 
in  Tables  IX.  and  X.,  and  in  the  preceding  summary,  the  pro- 
portion of  brain  to  the  stature  always  remains  larger  in  the 
male  than  in  the  female,  not  only  at  the  mean  height  or 
generally  in  both  sexes,  but  even  at  corresponding  or  nearly 
corresponding  heights,  as,  for  example,  in  short  men  as  compared 
with  tall  women;  but  the  shortest  women  have  a  higher 
stature-ratio  of  brain  than  the  tallest  men.  With  this  excep- 
tion, the  sexual  superiority  in  the  weight  of  the  brain  in  the 
male,  speaking  generally,  overrides  the  influence  of  stature — 
i,e.,  it  subsists  in  spite  of  his  greater  stature,  which  in  itself 
would  have  a  tendency  to  be  associated  with  a  proportionately 
smaller  amount  of  brain. 

Further  comparisons  show  that    the    stature-ratio  of    the 
cerebrum  diminishes  less  markedly  and  less  uniformly  thaa 
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that  of  the  cerebellum,  which  latter  organ,  as  already  remarked^ 
at  leadt  in  the  sane,  obeys  the  influence  of  stature  more  exactly 
and  implicitly,  so  far  as  regards  its  relative  proportion  to  the 
weight  of  the  body. 

Enough  has  now  been  stated  to  show  that  unless  the  varia- 
tions in  the  brain- weight  accompanying  differences  of  stature 
be  eliminated  or  allowed  for,  no  estimates  of  the  effect  of  any 
other  conditions  which  may  influence  the  weight  of  the  enoe« 
phalon  in  Man,  such  as  sex,  age,  race,  occupation,  education, 
mental  qualities,  or  disease,  can  be  regarded  as  altogether  free 
from  error.  From  this  point  of  view  many  questions  require 
to  be  reinvestigated ;  for,  by  sudi  a  method  only  can  it  be 
demonstrated  what  are  the  real  effects  of  these  and  any  other 
modifying  causes.  > 

The  results  above  recoided  would  appear  to  indicate  that, 
adopting  the  simplest  numbers  possible,  the  difference  in 
absolute  weight  determined  by  sex,  in  the  entire  encephalon,  is 
about  4f  oz.,  or  10  per  cent. ;  by  age,  as  a  mean  in  the  two  sexes^ 
about  3  02.,  or  G  per  cent. ;  and  by  stature,  as  a  mean  in  the  two 
sexes,  about  2  oz.,  or  4  per  cent  It  would  seem,  however,  that 
the  effects  of  age  are  more  evident  in  women  than  in  men,  and 
that  those  of  stature  are  more  marked  in  men  than  women ;  the 
quantities  in  the  former  case  being  about  2f  oz.  and  3^  os.,  and 
in  the  latter  about  2f  oz.  and  1^  oz.  The  range  of  differencfe 
of  stature  in  the  two  sexes  is  different,  and,  of  course,  this  will 
partly  account  for  its  difference  of  effect  on  the  male  and 
female  encephalon* 

As  to  the  weight  of  the  cerebrum,  the  influences  upon  it  of 
sex,  age,  and  stature  are  similar  to  those  which  they  exercise 
on  the  entire  encephalon,  that  of  age  being  more  marked  in 
women,  and  that  of  stature  in  men.  But  in  reference  to  the 
cerebellum,  the  effect  of  age  is  much  more  marked  in  men 
than  in  women.  Nevertheless,  the  joint  effect  of  age  and 
stature  is  greater  in  men,  not  only  on  the  weight  of  the  entire 
encephalon,  but  also  on  the  weights  of  the  oerebrum  and 
cerebellum  separately  consid^red^ 

Moreover,  on  comparing  the  stature^ratios  of  these  several 
organs,  in  the  two  sexes,  at  different  ages,  and  at  different 
heights,  it  is  shown  that,  in  regard  to  the  entire-  encephalon) 
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these  ratios  are  more  influenced  by  a^e,  in  each  b&x,  than  they 
are  by  sek  itdelf ;  and  this  is  true  of  the  statu re-ratios  both  of 
the  cerebruni  and  the  Cerebellum.  Thus,  the  sexual  differenced 
of  these  ratios  are,  as  regards  the  entire  encephalon,  as  '706  02. 
in  the  male  to  '680  oz.  in  the  female ;  whilst  the  variation  due 
to  age  is,  in  the  male,  as  *721  oz.  to  '685  oSs.,  and  in  the  female 
as  699  02.  to  "647  oz.  Finally,  the  differences  attiibutable  t6 
stature  are  as  '723  oz.  to  '691  oz.  in  the  male,  and  as  '718  oz.  td 
*657  oz.  in  the  female ;  that  is  also  greater  than  those  due  to 
sex,  and  about  equal  to  those  dependent  on  age. 

It  is  obvious  that  other  combinations  of  causes  affecting  the 
brain-weight  might  here  be  recorded,  as,  for  example,  the  effects 
of  age  at  different  heights,  in  both  sexes ;  and,  again,  the  effects 
of  stature  at  different  ages,  in  both  sexes.  But  these  could  only 
be  properly  appreciated  by  employing  very  large  numbers  of  ob- 
servationa  For  there  remains  one  other  most  important  element 
of  variation  in  the  weight  of  the  great  nervous  centres,  which, 
in  individual  cases,  and  even  as  rendered  apparent  by  the  study 
of  a  very  small  number  of  instances,  overpowers  all  other  influ" 
ences,  and  this  is  the  proper  tendency  Of  the  encephalon  to  vary 
in  its  developments  as  to  size,  in  diffei'ent  persons.  This 
residual  peculiarity  or  deviation  in  the  weight  of  the  ^encephalon 
and  its  parts,  especially  of  the  cerebrum,  in  Man,  might  be 
called  the  proper  weight-variation,  or  the  personal  eqvMion 
of  the  tveight  of  the  brain  or  of  the  mere  cerebrum;  considered 
as  an  independent  or  quasi-independent  organ. 

It  is  a  fact  of  the  highest  interest  and  importance  that  this 
personal  diffei^nce,  which  can  itself  be  duly  estimated  only 
when  other  conditions,  whether  of  stature,  age,  sex,  br  race,  are 
previously  allowed  for,  is  far  larger,  as  will  be  immediately 
shown,  than  any  of  the  variations  already  discussed.'  There 
exist,  in  fact,  children  with  larger  brains  than' many  adults; 
there  are  certain  women  possessed  of  much  larger  brains  than 
certain  men;  and  there  are  certain  short  persons/ both  male 
and  female,  who  have  larger  brains  than  certain  tall  ones  ;  there 
are,  indeed,  some  short  women  who  have  larger  encephala  than 
some  taller  men.  Moreover,  these  individual  peculiarities  are 
equally  observable  in  reference  to  the  stature^ratios  as  well  as  in 
regard  to  the  absolute  weights  of  the  brain  and  its  several  parts. 
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In  order  to  estimate  with  some  precision  this  most  important 
condition,  viz.,  the  proper  weight-variation,  or  individual 
tendency  to  variation  in  the  weight  of  the  encephalon  and  its 
parts,  I  will  introduce  here  certain  data  also  furnished  me  by 
Dr  Boyd,  arranged  in  the  following  tables. 

Table  showing  the  weights  of  the  heaviest  and  of  the  lightest 
brains  met  with  among  648  males  and  698  females  at  13 
quinquennial  periods  of  life.  There  are  recorded,  therefore,  the 
weights  of  26  selected  male  encephala,  and  of  26  selected  female 
encephala.  The  numbers  of  persons  from  which  the  selection 
was  made,  at  each  period  of  Iife>  averaged  about  50.  The 
heights  of  the  corresponding  individuals  are  also  shown,  (From 
the  St  Marylebone  Infirmary.) 


Table  XI 


Malks; 

Fkmalxs. 

AgM, 

Heaviest  Brains. 

lightest  Brains. 

Heaviest  Brains. 

Lightest  Bnina. 

Weight 
in  Oz. 

Hetght 
in  In. 

Weight 
inOz. 

Height 
failn. 

Weight 
inOz. 

Height 
in  In. 

Weight 
InOs. 

Height 
in  In. 

S0-3ff,     .        . 

54 

68 

89-3 

64 

46-8 

66 

•6« 

63 

25-WJ,     .        , 

57 

69 

41-5 

65 

45*8 

68 

357 

48 

80-36,     .        . 

57 -S 

66 

38-7 

65 

43 

68 

36 

61 

85-40,     ,        , 

•60-7 

69 

88*7 

67 

52 

69 

37-« 

64 

40^M,     .        , 

60 

78 

87-3 

65 

53-5 

66 

37 

63 

4»-M,    .        . 

54 

72 

88-7 

656 

^1 

65 

86-7 

59 

50-56,     . 

59 

69 

89 

56 

52-5 

63 

34-8 

60 

55-«),     .        , 

57 

65 

t80-5 

68 

51 

64 

37-7 

61 

60-65,     .       4 

59-5 

68 

88-5 

66 

•54 

61 

83-5 

68 

65-70,     .        , 

57-5 

71 

86-3 

64 

48 

61     * 

»-7 

63 

70-75,     . 

5S'5 

68 

86 

63 

49*2 

66 

t29-3 

48 

75-80,     .        , 

55-3 

73 

87-7 

67 

49-5 

63 

85-7 

61 

80,  ACf .        1 

53*2 

68 

41 

70 

48 

66 

38-3 

62 

ATerages,       i 

56-6 

69 

87-3 

64*8 

49-3 

64-5 

85 

«9-5 

*  Heaviest  brains. 


t  Lightest  brains. 


This  table  brings  out  in  strong  relief  the  individual  element 
of  variation  in  the  weight  of  the  brain,  irrespective  of  the  effects 
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of  sex,  age,  or  stature,  showing  clearly  that,  after  all,  this  is  the 
chief  cause  of  the  remarkable  extremes  of  difference  met  with 
in  the  size  of  the  human  brain,  and  prominently  displaying  the 
comparative  independence  of  that  organ,  as  regards  the  bodily 
frame,  in  Man. 

Thus,  the  extreme  variation  in  the  male  series,  according  to 
the  table,  was  from  30*5  oz.  to  60*7  oz.,  i.e.,  about  30  oz.,  or  as  1  to 
2 ;  whilst  in  the  female  series  it  was  frx>m  29*3  oz.  to  54  oz., 
i.e.,  about  24'5  oz.,  or  as  somewhat  less  than  1  to  2.  But,  if  we 
take  the  averages  of  the  greatest  and  least  weights,  in  eadi  sex, 
at  all  ages,  as  shown  at  the  bottom  of  the  table,  the  range  of 
variation  in  the  26  males  was  from  37*3  oz.  to  56*6  oz.,  i.e^  19*3 
oz. ;  and  in  the  26  females  from  35  oz.  to  49*3  oz.,  i.e,,  14*3  oz. 
The  great  importance  of  these  differential  quantities  is  obvious, 
when  we  recall  to  mind  that  the  sexual  difference  is  5  oz.,  that 
due  to  age  about  8  oz.,  and  that  attributable  to  stature  only 
about  2  oz. 

The  preceding  figures  further  indicate  that  the  individual 
tendency  to  variation  in  the  brain-weight  is  greater  in  men 
than  in  women,  the  former  sex  being  perhaps  more  subject  to 
powerful  disturbing  agencies  than  the  latter,  which  might  be 
calculated  to  create  and  perpetuate  such  a  distinction,  in  the 
shape  of  mental  training,  culture,  exercise,  and  trial.  As  the 
range  of  stature  in  the  males  averaged  4*2  inches  (69  =  64*8), 
and  in  the  females  5  inches  (64*6  =  69*5),  it  is  obvious  that  not 
only  does  the  male  brain  vary  more  than  the  female  in  its 
absolute  weight,  but  also  relatively  to  the  stature. 

The  average  stature-ratio,  expressed  as  before  in  decimal 
parts  of  an  ounce  to  1  inch  of  the  height,  is,  for  the  13  heaviest 
male  brains,  '82  oz.,  and,  for  the  13  lightest  male  brains,  '575  oz. ; 
again,  for  the  13  heaviest  female  brains  it  is  '765  oz.,  and  for 
the  13  lightest  female  brains  it  is  '69  oz.  These  results  show 
that,  not  only  as  regards  absolute  weight,  but  also  as  regsirds 
the  stature-ratio,  the  male  brain  varies  more  than  the  female 
brain,  the  amount  of  variation  in  the  former  being  *245  oz.  and 
in  the  latter  only  '175  oz. 

It  is  obvious  that  the  amounts  of  the  different  stature^ratios 
just  mentioned,  are  regulated  by  the  great  and  preponderating 
influence  of  the  individual  heaviness  or  lightness  of  the  series  of 
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brains  here  arranged  together ;  so  that  m  fact,  certain  apparently 
anomalous  results  are  arrived  at^  viz.,  that  the  stature-ratio 
in  the  lightest  male  brains  is  less  than  in  the  heaviest  female 
brains  in  the  proportion  of  '575  oz.  to  *765  oz.,  although  the 
stature  is  somewhat  greater  in  the  former  series ;  and,  again,  the 
stature-ratio  in  the  lightest  female  brains  is  somewhat  greater 
than  in  the  lightest  male  brains,  '59  oz.  to  *575  oz.,  although  the 
average  stature  in  the  former  is  really  more  than  5  inches  less. 
But,  it  may  easily  be  shown  that,  even  in  regard  to  these  small 
numbers  of  selected  cases,  stature  has  exercised  its  own  peculiar 
influence,  as  witness  the  following  table  relating  to  the  same 


cases. 


Table  XIL 


Table  showing  the  stature-ratios  of  13  heavy  and  13  light 
male  brains,  and  of  13  heavy  and  13  light  female  brains, 
arranged  in  groups  according  to  the  stature  of  the  mdividuals. 


Malkh. 

FEMALE& 

Heayiest  Brains. 

Lightest  Brains. 

Heaviest  Brains. 

Lightest  Brains. 

Height 

in 
IncheR. 

Stature- 
ratio. 

Height 

in 
Inches. 

Stature- 
ratio. 

Height 

in 
Inches. 

Stature- 
ratio. 

Height 

in 
Inches. 

Stature- 
ratio. 

78 
72 
71 
69 
68 
66 
66 

•822 

•77 

•888 

•844 

•880 

•867 

•867 

70 

67 
66 
65 
64 
68 
68 

•686 

•676 

•682 

•682 

•60 

•66 

•67 

69 
67 
66 
66 
64 
68 
62 
61 

•768 

•682 

•76 

•75 

•79 

•78 

•886 

•886 

64 
62 
61 
60 
59 
48 

•584 

•666 

•6 

•671 

•622 

•676 

The  numbers  in  this  table  show  clearly  that  within  each 
group  of  heavy  and  light  brains,  the  ratio  of  the  brain-weight 
to  the  stature  is  greater  in  the  shorter  than  in  the  taller  persons 
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of  each  group ;  and,  moreover,  that  the  progressive  increase  in 
that  ratio  from  the  upper  or  taller,  to  the  lower  or  shorter 
individuals  in  each  column  ia  tolerably  regular. 

But  we  may  terminate  the  illustrations  of  the  influence  of 
stature  on  the  brain-weight  by  another  table  also  derived  from 
Dr  Boyd's  manuscripta 

Table  Xm. 

Table  showing,  out  of  the  same  648  males  and  698  females, 
as  were  made  use  of  in  the  construction  of  Table  XI.,  the  height 
of  the  body  and  the  weight  of  the  brain,  in  the  1 3  tallest  and 
the  13  shortest  males  and  females,  met  with  at  different 
quinquennial  periods  of  life.  The  average  number  of  cases  in 
each  group  was  50. 


Ages. 

Males. 

Fbmales. 

Tallest 

Shortest 

Tallest 

Shortest 

Height. 

Weight 

Height. 

Weight. 

Height 

Weight 

Height 

Weight 

20-26 

70 

48-4 

64 

46-3 

66 

46-8 

67 

39-7 

25-30 

72 

487 

64 

45-9 

66 

49-8 

48 

35-7 

80>35 

72 

67-2 

50 

60-5 

68 

50-5 

54 

43-7 

8!h40 

74 

63-3 

58 

55-5 

71 

41-5 

58 

42-6 

40-45 

78 

58-2 

62 

47-6 

67 

39-8 

58 

44-2 

4S-50 

72 

50-9 

54 

44 

67 

42 

58 

39 

50-55 

74 

48-7 

58 

89 

66 

40-3 

57 

47-7 

55-60 

72 

48 

60 

45 

69 

41 

64 

41-5 

60-65 

74 

41-3 

60 

49-5 

67 

48 

56 

88 

65-70 

72 

46 

63 

50 

67 

39-6 

54 

46 

70-75 

73-6 

44-7 

62 

45-6 

69 

49 

48 

38-9 

75-80 

72 

49-7 

60 

38-5 

66 

38-2 

55 

38 

80 

72 

46 

62 

47-2 

67 

39-6 

54 

41-7 

Aver. 

72-5 

48-9 

69-75 

46-5 

67-4 

43  1 

54-7 

41-27 
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The  average  heights  and  weights  shown  in  the  bottom  line 
of  this  table,  indicate  that  the  absolute  weight  of  the  brain  is 
greater  in  the  groups  of  tallest  males  and  females  than  in  the 
groups  of  shortest  males  and  female&  The  average  weight 
amongst  the  tallest  males  is  489  oz.,  in  the  shortest  46*5  oz. ; 
whilst  the  average  weight  in  the  tallest  females  is  43*1  oz.,  and 
in  the  shortest  only  41*27.  The  difference  between  the  two 
groups  of  males  is  2*4  oz.,  and  that  between  the  two  groups  of 
females  is  only  1*83  oz. ;  and  as  the  differences  in  the  average 
statures  are  shown  to  be  the  same,  viz.,  12*7  inches,  it  is  evident 
that  the  range  of  absolute  variation  between  tall  and  short 
individuals,  is  greater  in  the  male  sex,  a  conclusion  quite  in 
harmony  with  the  preceding  statements. 

On  calculating  the  stature-ratios  from  the  average  heights 
and  weights  given  at  the  bottom  of  the  table,  it  is  further 
shown,  even  in  this  small  number  of  selected  cases,  that  this 
ratio  is  higher  in  the  shortest  than  it  is  in  the  tallest  groups  ol 
the  two  sexes.  Thus,  in  the  tallest  males  it  is  only  '674  oz.,  but 
in  the  shortest  it  is  '778  oz. ;  whilst  in  the  tallest  females  it  is 
*689  oz.,  but  in  the  shortest  it  is  *754  oz.  The  difference 
between  the  highest  and  lowest  stature-ratios,  like  the  differ- 
ence in  the  stature  itself,  being  nearly  similar  in  the  two  sexes, 
viz.,  about  '11  oz. 

It  is  here  also  rendered  evident  that  the  average  proportion 
of  brain  to  the  height  of  the  body  is,  as  has  been  already  shown, 
greater  in  the  male  than  in  the  female  sex,  notwithstanding  the 
greater  height  of  the  former.  This,  moreover,  is  true,  both  as 
regards  the  tallest  and  the  shortest  of  the  two  sexea  In  the 
tallest,  the  male  sbature-ratio  is,  in  round  numbers,  '67  oz., 
whilst  the  female  stature-ratio  is  '64  oz. ;  in  the  shortest,  the 
respective  ratios  are,  as  we  have  seen,  *78  oz.  and  '76  oz.  The 
mean  stature-ratio  for  the  26  males  is  '72  oz.,  and  for  the  26 
females  '698  oz. 

If,  finally,  we  combine  these  26  selected  male  and  26 
selected  female  cases,  into  as  small  a  number  of  groups  as 
possible,  corresponding  with  their  heights,  the  following  is  the 
result. 
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Table  XIV. 

Table  showing  the  stature-ratios  of  the  braiD-weight  in  13 
tall  and  13  short  males,  and  in  13  tall  and  13  short  females, 
arranged  according  to  the  heights  of  the  individuals. 


1 

Malks. 

FXMALBS. 

Tallest. 

Shortest 

Tallest 

Shortes 

Height 

Statore- 
ratio. 

Height 

Steture- 
nitio. 

Height. 

Stature- 
ratio. 

Height 

Stature* 
ratio. 

74 

73 
72 
70 

•645 
•668 
•702 
•691 

64 
68 
62 
60 
58 
54 
50 

1 
•720 

•793 

•788 
•755 
•814 
•814 
1^05 

71 
69 
68 
67 
66 

•584 
•655 
•742 
•698 
•661 

58 
67 
66 
55 
54 
48 

•716 

768 

•68 

•69 

•813 

•801 

A  glance  down  the  columns  of  this  table  shows,  thab  the 
stature-ratios,  even  in  this  small  number  of  cases,  are  greater  in 
the  shortest  individuals  of  either  sex  than  in  the  tallest  of  that 
sex ;  that  they  indicate,  with  here  and  there  an  exception,  a 
regular  increase  of  the  stature-ratios  in  each  group,  from  above 
downwards  in  each  column,  i.e.,  in  passing  from  the  taller  to 
the  shorter  individuals  of  each  group ;  that  the  male  ratios  are, 
nevertheless,  higher  than  the  female  ratios,  although,  of  course, 
the  heights  themselves  are  greater  in  the  males ;  and  that,  with 
one  exception  (viz.,  at  the  height  of  54  inches),  if  we  compare 
males  and  females  of  similar  or  nearly  approximative  height, 
the  stature-ratio  in  the  former  is  greater  than  the  latter. 

The  numbers  of  cases  included  in  Tables  XII.  and  XIV.,  are 
too  small  to  justify  taking  them  as  furnishing  more  than  very 
interesting  illustrations,  of  the  relations  between  the  stature  and 
the  brain-weight  in  either  sex,  and  in  the  two  sexes  compared. 
It  will  also  have  been  noticed  that  they  relate  only  to  the 
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weight  of  the  entire  eDcephalon.  For  more  safe  average  results, 
we  must  again  refer  to  Tables  Y.  to  X.,  to  the  comments  on  these, 
and  to  the  summary  of  results  given  in  pages  471  and  472.  It 
is  also  from  this  alone  that  the  modification  of  the  stature-ratios 
on  the  cerebrum  and  the  cerebellum  can  be  definitely  determined. 

II.  On  the  Relation  between  the  Brain- Weight  and 

THE  Mass  of  the  Body. 

The  relations  of  the  brain-weight  to  the  stature,  both  in 
males  and  females,  involving  the  comparison  of  data  which  are 
simple  and  tolerably  exact,  having  thus  been  examined,  it 
remains  to  discuss  in  the  course  of  this  paper  the  relation  which 
probably  exists  between  the  brain- weight  and  the  Tnasa  of  the 
body  in  Maa  This  inquiry  will  necessitate  the  employment  of 
more  or  less  hypothetical  elements.  Of  its  great  interest  no 
doubt  can  be  entertained,  especially  in  reference  to  a  strict  com- 
parison between  the  sexes  as  to  the  nobler  cerebral  endowment& 

To  decide  whether  the  smaller  so-called  stature-ratio  of  the 
brain  in  the  taller  individuals  of  each  sex,  should  be  regarded 
as  a  sign  of  cerebral  inferiority  in  them,  and  the  greater  stature- 
ratio  in  the  shorter  individuals,  as  one  of  superiority,  and,  again, 
whether  the  smaller  stature-ratio  of  brain  in  woman,  in  spite  of 
her  lower  height,  is  an  indication  of  her  relative  cerebral 
inferiority,  in  comparison  with  man,  requires  a  precise  knowledge 
of  the  relations  between  the  stature  and  the  mass  of  the  human 
body,  in  fully  grown  and  well-proportioned  persons  of  different 
heights,  in  both  sexes. 

Speaking  generally,  yet  of  standard  examples  only,  the  female 
skeleton  and  the  female  body  also,  being  constructed  after  a 
more  slender  pattern  than  the  male  skeleton  and  body,  are 
certainly  lighter  in  proportion  to  their  respective  heights ;  and 
this  may  suggest  an  explanation  of  the  facts  that,  whilst  the 
difference  between  the  weight  of  the  male  and  female  brain  is 
greater  proportionally  than  the  difference  between  the  male  and 
female  stature,  it  is  less  than  the  difference  between  the  weight 
of  the  male  and  the  female  body.  As  already  stated  by 
Parchappe  and  Thurnam,  the  statures  of  the  male  and  female 
are  as  1000  to  932,  the  ratio  of  their  weights  is  as  1000  to  872, 
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and  their  encephalic  ratio  is  as  1000  to  903 ;  so  that,  as  the  last- 
named  observer  remarks,  the  ratio  of  the  female  to  the  male 
brain-weight  is  about  3  per  cent,  less  than  the  ratio  of  their 
respective  statures,  but  3  per  cent,  more  than  that  of  their 
respective  weights.  That  the  woman  has  less  brain  in  propor- 
tion to  her  height,  but  more  in  proportion  to  her  weight,  than 
man,  is  presumably  owing  to  her  mass  being  less  bulky  and 
therefore  lighter  than  man's  in  proportion  to  her  height.  But  is 
not  the  question  herein  involved  open  to  a  more  definite  solution? 

The  larger  tables  of  M.  Quetelet,  recording  side  by  side  the 
stature  and  the  weight  of  the  human  body,  relate  to  individuals 
of  different  ages,  from  birth  to  the  period  of  complete  growth, 
but  not  to  fall-grown  persons  of  different  heights.  Hence  they 
illustrate  only  the  growth  of  the  human  body,  male  and  female, 
and  its  mean  height  and  weight  in  the  full-grown  condition ; 
whilst  they  throw  no  light  on  the  actual  variations  which  exist 
in  stature  and  weight  in  individual  adults.  The  mathematical 
formula  invented  by  Quetelet  for  deriving  the  increment  of  the 
weight  from  that  of  the  stature,  and  the  curves,  which,  according 
to  him,  indicate  the  rate  of  increase  of  each,  also  refer  to  the  case 
of  growing,  not  of  grown  individuals.  In  a  special  table  relating 
to  females  only,  he  places,  side  by  side,  the  mean  weights  and 
heights  of  a  large  number  of  women,  in  groups  according  to  their 
ages,  from  eighteen  to  forty ;  but  there  is  evidently  no  necessary 
mdividvxil  correspondence  between  the  two  series  of  numbers ; 
so  that  the  information  is,  only  in  a  limited  manner,  applicable 
to  the  present  inquiry.  In  regard  to  males,  he  admits  that  he 
has  no  sufficient  data  for  satisfactory  tabulation.  Dr  Boyd's 
records  of  the  weight  of  the  body  after  death  are  invalidated  by 
the  variable  effects  of  different  fatal  diseases.  In  Gould's 
laborious  returns  concerning  the  height  and  weight  of  the 
soldiers  of  the  United  States  army,  better  materials  are  to  be 
found ;  but  I  prefer  to  employ  those  collected  by  Dr  Beddoe, 
since  they  relate  to  inhabitants  of  the  British  Isles.  I  may  add 
that,  having  examined  the  complicated  methods  employed  by 
Krause,  Harless,  Meyer,  and  others,  for  determining  the  weights 
of  parts  of  the  body  in  relation  to  the  whole,  I  do  not  find  them 
available  for  the  present  purpose. 

In  pursuing  this  inquiry,  I  propose  to  regard  the  human  body 
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as  represented  by  a  redangtilar  parcMdopiped,  or,  as  this  was 
named  by  the  late  Professor  de  Morgan  for  shortness'  sake,  a 
right  solid,  supposed  to  be  of  uniform  density,  and  having  its 
longest  dimension  equal  to  the  height  of  the  body  itself.  In 
this  manner,  the  mass  of  any  given  individual  of  good  propor- 
tions, would  be  reduced  to  a  hjrpothetical  upright  four-sided 
column  of  correspondent  height,  bounded  by  plain  surfaces,  and 
having  a  uniform  density  or  specific  gravity  throughout. 

Suppose,  now,  that  the  height  of  the  hypothetical  Tocde  right 
solid  was  66  inches  and  its  weight  138  lbs.,  or  2208  oz.  av.,  and 
that  the  height  and  weight  of  the  female  right  solid  were  62  inches 
and  117  lbs.,  or  1872  oz.  av.,  which  numbers  represent  the  results 
of  the  actual  observations  of  Quetelet,  as  to  the  mean  height  and 
weight  of  the  body  in  the  two  sexes,  between  nineteen  and 
twenty-five  yeai's  of  age ;  then,  on  dividing  the  weight  in  ozs.  by 
the  height  in  inches  in  each  case,  the  quotients,  33*4  oz.  and  30*2 
oz.,  evidently  give  the  weights  of  a  one-inch  thick  horizontal 
portion  or  slice  of  the  male  and  female  hypothetical  right  solids. 
These  weights,  which  I  will  term  the  in^h'SecHon-weights  of 
the  male  and  female,  afford  a  new  measure  of  comparison 
between  the  sexes.  Their  ratio  is  1000  to  904,  thus,  as  might 
be  anticipated,  falling  between  the  simple  stature-ratio  1000  to 
948,  and  the  weight-ratio  1000  to  847,  obtained  from  the 
heights  and  weights  just  mentioned  and  employed  in  the 
determination  of  the  respective  inch-section-weights,  and  almost 
exactly  corresponding  with  the  brain-ratio  given  by  Thurnam 
from  Dr  Boyd's  observations,  viz.,  1000  to  903.  Limiting  the 
comparison  between  the  sexes  to  average  or  mean  examples,  it 
appears  therefore  that  whilst  women  have  4*5  per  cent,  less 
brain  in  proportion  to  their  stature,  and  5*2  per  cent,  more  in 
proportion  to  their  weight,  they  have  only  1  per  cent,  less  in 
proportion  to  the  inch-section-weight  of  the  m/iss  of  their  body. 
Adopting  this  as  a  reasonable  method  of  comparison,  the  sexual 
difference,  as  regards  cerebral  endowments,  is  shown  to  be 
insignificantly  small. 

It  is  obvious  that  the  masses  of  the  male  and  female  right 
solids  here  imagined,  may  also  be  represented  by  their  volumes 
in  cubic  inches,  in  which  case,  their  transverse  or  horizontal 
sections  would  be  measurable  in   square  inches.    Thus,  the 
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weight  in  oz.,  multiplied  by  1*73,  the  number  of  cubic  inches  in 
1  oz.  of  water,  and  divided  by  1*08,  which  I  have  found 
experimentally  to  be  the  specific  gravity  of  the  body,  would 
give  the  volumes  of  the  right  solids  in  question  in  cubic  inches ; 
and  these  volumes,  divided  by  66  aod  62  inches  respectively 
would  give,  in  each  case,  the  number  of  cubic  inches  in  each 
horizontal  portion  or  slice,  1  inch  in  thickness,  and  also,  of 
course,  the  number  of  square  inches  in  the  horizontal  sectional 
area  of  each  right  solid  But  the  ratios  of  these  last  quantities 
in  the  two  sexes,  would  necessarily  be  precisely  the  same  as  the 
ratios  of  their  respective  inch-section- weights ;  so  that  the 
calculation  need  not  here  be  further  pursued. 

The  inch-section-weights  of  the  average  full-grown  male 
and  female,  viz.,  33*4  oz.  and  302  oz.,  are,  it  will  be  observed, 
numerically  almost  equal  to  one-half  the  number  of  inches  in 
the  mean  stature  of  each  sex  respectively.  On  the  supposition 
that  a  common,  or,  as  it  were,  ideal  standard  of  proportional 
development  in  Man  existed  independently  of  sex,  and  that, 
according  to  this,  the  inch-section-weight  in  oz.  should  exactly 
equal  half  the  height  in  inches,  i,e.,  should  be  33  oz.  and  31  oz. 
at  the  mean  male  and  female  heights,  66  inches  and  62  inches 
respectively,  the  numbers  just  quoted,  as  derived  from  the 
observed  mean  heights  and  weights,  would  be  somewhat  above 
such  standard  in  reference  to  the  male,  but  more  decidedly 
below  it  as  regards  the  female.  Such  a  result  would  accord 
with  the  fact  that  the  female  frame  is,  even  relatively  to  its 
stature,  smaller  than  the  male  frame,  and  necessarily  has, 
height  for  height,  a  smaller  horizontal  section.  Each  sex  might, 
as  it  were,  be  supposed  to  deviate,  in  the  progress  of  its  develop- 
ment, from  an  imaginary  intermediate  and  neutral  standard  of 
proportion,  in  accordance  with  its  special  destiny  and  mode  of 
differentiation,  the  male  keeping  very  much  nearer  to  it  than 
the  female,  whose  deviation  from  it,  as  will  presently  be  shown, 
is  the  more  remarkable. 

The  calculatioos  already  made,  terminated  in  a  comparison 
between  the  mean  heights  aud  weights  of  the  body,  the  mean 
iuch-section-weights,  and  the  mean  brain-weights  of  the  sexes, 
as  expressed  in  certain  ratios;  but,  we  may  now  further  ask, 
what  are  the  effects  of  differences  of  stature  on  the  weight  of 
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the  body,  on  the  weight  of  the  inch-section,  and  on  the  weight 
of  the  brain,  as  shown  by  an  examination  of  these  points  in 
groups  of  individuals  of  different  height,  belonging  to  each  sex. 
In  this  inquiry,  it  becomes  impossible  to  employ  ratios  as  tests, 
since  the  data  are  necessarily  much  fewer  in  each  category  or 
class  under  examination ;  but  sufficient  contrasts  may  be 
obtained  by  resorting  to  direct  comparisons  of  the  observed  and 
calculated  quantities,  in  each  case. 

As  regards  the  Tocde  sex,  for  example,  the  first  part,  A,  of  the 
following  table,  compiled  from  the  data  collected  by  Dr  Beddoe, 
shows  the  observed  weight  of  the  body  in  lbs.  and  in  oz.,  and 
also  the  actual  inch-section- weight,  in  men  of  different  heights, 
from  70  downwards  to  62  inches.  In  the  second  part  of  the 
table,  marked  B,  are  given  the  calculated  weights  of  the  body, 
at  the  corresponding  heights,  on  the  supposition,  already 
indicated  above,  that  the  number  of  oz.  in  each  inch-section  of 
the  equivalent  h}rpothetical  right  solid,  was  exactly  equal  to 
half  the  number  of  inches  in  the  height 


Table  XV. — Malea. 


Height  in  inches. 

70 

69 

68 

67 

66 

65 

64 

68 

62 

A.  Ohserved  Mean  Weights. 

Weight  of  body  1 
in  Ibs.i           J 

164 

153 

147 

142 

188 

183 

125 

121 

1 

! 

Weight  of  body  1 
in  oz.,             / 

26S2 

2456 

2352 

2280 

2208 

2128 

2000 

1986 

? 

Inch-section-     \ 
weight     in     - 
oz.,                 J 

87-3 

85-6 

84-6 

88-9 

88*4 

82-7 

81-2 

80  7 

1 

B.  Calculated  Weights. 

Weight  of  body  | 
in  lbs.,            1 

158 

148-76 

144-5 

140-25 

186 

182 

128 

124 

120 

Weight  of  body  \ 
in  oz.,            j 

2450 

2880 

2812 

2244 

2178 

2112 

2048 

1984 

1922 

Inch-section- 
weight      in     - 
oz., 

85 

34*5 

84 

83-5 

88 

82-5 

32 

81-5 

31 
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On  comparing  the  two  series  of  numbers  in  A  and  B,  it  is 
seen  that  the  calculated  results  approach  very  nearly  to  the 
results  of  observation.  This  is  especially  observable  at  the 
heights  of  67,  66,  and  65  inches ;  66  inches  being,  as  already 
stated,  the  mean  height  or  standard  proportion  of  the  male  sex. 
At  this  height,  also,  it  is  seen  that  the  weight  of  the  body,  and 
consequently  the  inch-section-weight  derived  from  Dr  Beddoe's 
observations,  exactly  coincide  with  those  already  quoted  as 
obtained  from  Quetelet's  data.  Above  67  inches,  the  observed 
weight  and  inch-section-weight  rise  above,  whilst  below  66 
inches,  they  fall  below  the  calculated  quantities. 

The  weight  of  the  living  human  body  is,  however,  a  very 
variable  factor,  and  one  exceedingly  difficult  to  determine  with 
accuracy,  or  to  estimate  correctly.  The  popular  estimates  are 
usually  much  too  high.  Even  the  naked  weight  is  influenced 
by  the  presence  of  more  or  less  food,  and  of  solid  and  liquid 
excreta,  which  are  actually  extraneous  to  the  body,  regarded  as 
an  active  machine  governed  by  its  nervous  centres.  Moreover, 
unless  in  the  case  of  trained  persons,  who  always  lose  weight  at 
first,  from  the  diminution  of  redundant  subcutaneous  or  internal 
fat,  or  of  persons,  like  prisoners  and  others,  who  are  subjected 
to  a  scientifically  balanced  diet  and  occupation,  it  may  be  said 
that  one  cannot  obtain  an  observation  of  the  pure  or  normal 
weight  of  the  body.  This  difficulty  may  be  illustrated  by  refer- 
ence to  the  differences  observed  in  the  wild  and  domesticated 
condition  of  any  given  animal.  Again,  in  such  a  comparison  as 
that  now  instituted,  the  weight  of  the  cerebrutn  itself  might, 
with  propriety,  be  deducted  from  the  total  weight  of  the  body, 
before  the  proportion  of  one  to  the  other  should  be  attempted 
to  be  shown.  On  one  or  other,  or  all  of  these  grounds,  therefore, 
it  seems  to  me  that  all  the  observed  body  weights  might  be 
reduced  somewhat,  in  which  case  the  slight  discrepancy  between 
the  central  or  mean  observed  weight  at  66  inches,  and  the 
corresponding  calculated  body  weight  would  disappear. 

Again,  it  is  not  unreasonable  to  conclude  that,  as  the  taller 
men,  in  the  struggle  for  existence  in  a  civilised  community, 
would  fall  into  positions  requiring  more  physical  labour,  the 
weights  of  their  bodies,  as  found  by  Dr  Beddoe,  should  have  a 
tendency  to  be  relatively  heavier,  even  in  proportion  to  their 
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height,  aa  compared  with  the  shorter  men,  in  which  class,  Dr 
Beddoe  found  that  most  criminals  were  included,  who  would 
either  be  living  a  very  precarious  life,  or  be  fed  on  prison  fare. 
It,  of  course,  would  be  expected  that  the  development  of  the 
nervous  centres  would  chiefly  follow  that  of  the  muscular  system, 
next  that  of  the  skin  and  other  organs  of  sensation,  and  only  in 
a  very  remote  manner  that  of  the  viscera ;  whilst  it  would  have 
no  relation  of  importance  to  the  growth  of  adipose  tissue,  which, 
on  the  other  hand,  would  be  more  likely  to  abound  in  well- 
grown,  well-employed,  and  well-fed  men  than  in  their  less 
&voured  and  very  demoralised  fellow-creature& 

From  these  considerations,  it  would  seem  justifiable  to  reduce 
somewhat  the  observed  weights  of  the  taller  men,  and  increase 
slightly  those  of  the  shorter  men,  in  Dr  Beddoe's  series,  and 
thus  bring  each  class  nearer  to  the  calculated  weights.  Never- 
theless, the  taller  men  would  still  exceed,  and  the  shorter  men 
fall  short  of,  the  herein  supposed  standard  proportion  of  weight 
to  height.  This  would  coincide  entirely  with  what  has  already 
been  noticed  in  comparing  the  taller  body  of  the  male  with  the 
shorter  body  of  the  female  ;  and  it,  moreover,  agrees  with,  if  it 
does  not  explain,  the  smaller  stature-ratio  of  brain  in  tall  men 
as  compared  with  short  men,  which  might  be  regarded  as  due, 
not  to  deficiency  of  brain,  but  to  excess  of  body-weight  in  the 
former. 

On  proceeding  to  make  further  use  of  the  method  of  calcula- 
tion above  described,  I  found,  quite  unexpectedly,  that,  in  the 
case  of  the  central  point  of  stcUwre,  or  Toean  height  of  the  maie 
body,  viz.,  66  inches,  if  the  weight  of  the  equivalent  right  solid 
in  oz.  be  divided  by  the  number  of  square  inches  in  its 
horizonted  section,  the  result  gave,  within  a  small  decimal  part 
of  an  oz.,  the  weight,  not  of  the  entire  encephalon,  but  of  the 
cerebrum,  in  TnxUea  of  corresponding  stature.  Thus,  66  inches 
being  the  height  of  the  hypothetical  male  right  solid,  33  oz.  is 
the  supposed  weight  of  each  of  its  transverse  inch-sections  or 
slices,  and  2178  oz.  its  total  weight  (see  Diagram  A,  p.  497). 
Then  33  ozs.,  or  the  inch-section- weight,  multiplied  by  1'7  (the 
number  of  cubic  inches  in  an  oz.  of  water),  and  divided  by  1"08 
(the  specific  gravity  of  the  human  body),  or,  what  is  the  same 
thing,  33  ozs.  multiplied  by  1*6,  gives  52  8  cubic  inches  as  the 
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volume  of  each  inch-section,  and,  therefore,  52*8  square  inches 
as  the  area  of  the  horizontal  section  of  the  right  solid  in  ques- 
tion. But  2178  oz.  divided  by  52*8  =  41*25  oz.,  and  on  referring 
to  Table  VII.  in  this  memoir,  compiled  from  Dr  Boyd's  observa- 
tions, it  is  seen  that  the  average  weight  of  the  cerebrum  in  the 
598  sane  males,  whose  mean  stature  would  be  66  inches,  is 
41 '1  oz.,  showing  a  difference  of  only  '15  oz. 

This  can  hardly  be  considered  an  accidental  coincidence. 
The  result  follows  from  the  consideration  and  use  of  mean  or 
average  quantities.  The  one  assumption  made  in  obtaining  it, 
consists  in  the  supposed  relation  of  the  inch-section-weight  to 
the  height;  but  the  33  oz.  assumed  is  within  '4  oz.  of  the 
observed  quantity,  and  that  implies  a  difference  of  only  2  lbs. 
weight  in  the  entire  body,  which  may  be  owing  to  error  of 
observation,  to  excess  of  t^t,  or  to  the  inclusion  of  extraneous 
matters  in  the  observed  body-weight.  The  numbers  would 
seem  to  point  to  a  definite  relation  between  the  weight  of  the 
cerebrum  and  the  mass  of  the  body,  this  mass  being  expressed 
by  its  horizontal  section,  which  is  itself  dependent  on  the  ratio 
of  its  weight  to  its  stature.  The  importance  of  the  stature  as  a 
basis  of  calculation  becomes  thus  apparent ;  and  it  can  hardly 
be  doubted  that  in  a  well-proportioned  man,  some  definite  rela- 
tion must  exist  between  this  and  the  mass  of  the  body,  and  also 
between  the  latter  and  the  size  of  the  great  nervous  centres ; 
for,  even  in  the  most  complex  organisms,  proportion  of  parts  is 
never  absent 

The  following  table  is  designed  to  show  some  further  results 
of  this  method,  as  applied  to  estimating  the  cerebral  weight  in 
males  of  different  stature,  varying,  on  either  side  of  the  mean 
height  of  66  inches,  between  the  heights  of  60  and  70  inches. 
The  observed  weights  of  the  cerebrum  are  placed  beneath  the 
calculated  weights,  in  each  case. 


[Table  XVL 
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Table  XYL—Malea. 


a.  Height  of  body  in  Inches,     . 

6.  Weight  of  body  in  oc, . 

e.  Inch-section  weight  in  oz.  of  eqni-> 
Talent  right  soUdj                      j 

d.  Hodzontal  section  In  square  inches ) 
of  equivalent  right  solid,             ) 

Cttlcnlated  weight  of  oerebram,  i.e.,  \ 
b  divided  by  d  In  ozs.,                  / 

Observed  weight  of  cerebrum  from  \ 
Dr  Boyd*s  data,                           / 

73 

70 

68 

66 

64 

62 

60 

2£i»3 

34M 

2812 

2178 

2048 

1022 

1800 

36 

86 

34 

88 

82 

81 

80 

57-6 

66 

64-4 

62-8 

61-2 

49-6 

48 

46 

48-76 

42-5 

41-26 

40 

88*76 

87-5 

•  48-75 

•  43-22 

42 

411 

40 

89*4 

•  38-5    ; 

1 

*  These  numbers  are  taken  from  very  few  observations. 

This  table  shows  that,  nob  only  at  the  mean  height  of  66 
inches,  but  for  heights  4  inches  above  and  below  that  mean, 
the  weight  of  the  cerebrum,  as  estimated  in  the  manner  here 
employed,  agrees  very  nearly  with  the  results  of  actual  observa- 
tion. Above  that  range  of  stature,  however,  the  calculated 
cerebral  weight  is  greater  than  the  observed  weight,  whilst 
below  that  range  it  is  less ;  in  other  words,  the  actual  cerebral 
weight,  as  thus  compared  with  the  mass  of  the  body,  i^garded 
from  the  point  of  view  of  its  hypothetical  horizontal  section,  is 
smaller  in  tall,  and  larger  in  short  men,  a  conclusion  in  harmony 
with  the  facts  already  stated,  viz.,  that  the  body-weight  of  tall 
men  is,  relatively  to  their  stature,  heavier  than  that  of  short 
men,  and  also  that  the  stature-ratio  of  their  entire  encephalon 
is  less. 

As  regards  thefeTnale  sex,  no  sufficient  data  exist,  from  which 
to  ascertain  the  relations  between  the  stature  and  the  weight, 
in  individuals  of  different  heights ;  so  that  our  consideration  of 
those  relations  must  be  mainly  directed  to  the  case  of  the  mean 
stature  and  mean  weight  of  the  full-grown  female.  According 
to  Quetelet,  the  mean  stature  of  women,  between  nineteen  and 
twenty-five  years  of  age,  is  almost  exactly  62  inches.  For  this 
height,  adopting  the  same  basis  of  calculation  as  that  employed 
in  the  case  of  the  male  body,  the  inch-section-weight  would  be 
31  oz.,  and  the  equivalent  female  right  solid  would  weigh  1922 
oz.  or  120  lbs.  Now  this  would  give,  as  is  seen  recorded  in  the 
male  series  in  Table  XVI.,  49*6  square  inches  for  the  horizontal 
sectional  area ;  and,  accordingly,  1922  oz.  divided  by  49*6,  'i.e.. 
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38*75  oz.,  would  be  the  calculated  mean  weight  of  the  cerebrum 
(see  Diagram  B,  p.  497).  But  the  observed  mean  weight  of  the 
female  cerebrum,  in  individuals  of  mean  stature,  and  at  twenty 
years  of  age,  is  37-23  oz.  or  378  oz.  (see  Tables  II.  and  VIII.) ; 
so  that,  on  the  preceding  estimate,  the  female  brain  would 
appear  to  be,  as  contrasted  with  the  male  brain,  deficient  in 
relation  to  the  mass  of  her  body. 

It  is,  however,  as  before  observed,  quite  certain  that  the 
female  body  is  constructed  after  a  lighter  model  or  pattern,  and 
that  height  for  height  it  weighs  less  than  the  stronger  male 
frame.  Turning,  indeed,  to  the  tables  of  Quetelet,  it  is  found 
that  the  mean  weight  of  women  of  the  mean  height  of  62 
inches,  and  of  the  age  of  twenty  years,  is  117  lbs.,  and  on  the 
ground  of  error  due  to  excess  of  fat,  or  the  inclusion  of 
extraneous  matters,  it  is  not  unjustifiable  to  reduce  this  to 
116'25  lbs.  or  1860  oz.  Now,  this  would  give  for  the  inch- 
section-weight  of  the  hypothetical  female  right  solid  30  oz.,  and 
for  the  horizontal  section  48  square  inches.  But,  again,  1860  oz. 
divided  by  48  yields  38*75  oz.,  i.e,,  the  same  result  as  before 
obtained,  for  the  calcvlated  weight  of  th£  correspoTidirig  ferrude 
cerebrv/m  (see  Diagram  C,  p.  497).  It  is  thus  obvious  that  the 
method  adopted  for  calculating  the  weight  of  the  cerebrum  in 
the  male,  cannot  be  applied  directly  to  the  determination  of  this 
factor  in  the  female.  The  relation  between  the  height  and 
weight  of  the  body,  and  therefore  between  the  height  and  the 
horizontal  sectional  area,  is  peculiar  or  different  in  the  female. 
As  already  stated,  the  female,  even  at  her  mean  height,  deviates 
thus  in  a  remarkable  manner  from  the  male,  who  may  be  said 
to  conform,  at  his  mean  height,  exactly  to  the  above  assumed 
standard  of  proportion  of  height  to  weight,  and  therefore  as  to 
horizontal  section.  This  latter  quantity  in  the  two  sexes,  at  their 
respective Toean  statures,  66 and  62 inches,  is  seen  to  be  as  528 
square  inches  to  48  square  inches,  or  as  33  oz.  to  30  oz.  (see 
Diagrams  A  and  C,  p.  497) ;  but,  at  a  given  height  in  each  sex, 
for  example  62  inches,  the  horizontal  sections  of  the  correspond- 
ing right  solida  are  as  49*6  to  48,  or,  more  simply,  as  31  to  30 
(see  Diagrams  B  and  C, p.  497).  But, as  31  :  30  : :  3875  :  37*5, 
which  is,  therefore,  the  corrected  calculated  weight  of  the  female 
cerebrum  at  the  height  of  62  inches ;  this  almost  exactly  agrees 
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with  the  results  of  observation,  for  it  £&lls  midway  between  the 
two  actually  observed  weights,  viz.,  87'23  oz.  and  37*8  oz. 

Hence,  as  in  man,  so  in  woman,  the  cerebrum  appears  to 
bear  a  definite  relation  to  the  section  of  the  body,  if  this  be 
regarded  as  an  equivalent  vertical  right  solid,  such  horizontal 
section  being  itself  a  resultant  of  the  relations  of  its  weight  and 
height.  Thus,  we  are  finally  led  to  the  conclusion  that,  although 
a  woman,  judged  by  her  height  of  body  alone,  has  less  cerebral 
matter,  and  judged  by  her  weight  of  body  alone,  has  more 
cerebral  matter  than  man,  yet,  when  both  sexes  are  judged  by 
an  assumed  common  measure,  which,  in  each,  has  reference  to 
both  those  factors,  their  cerebral  endowment  is  seen  to  be 
practically  equal;  so  that  the  discrepancy  which  appears  ta 
exist  in  their  cerebral  ratio  is  thus  fiEdrly  reconciled.  The 
subjoined  tabular  statement  of  the  calculated  ratios  will 
sufficiently  illustrate  this. 


Ccdddated  Ratios  between  the  Mean  Male  and  Fefrnale^ 


1.  Ratio  of  rtatare, 

66  to  62  in. 

1000  to  980 

2.  Ratio  of  weight, 

2178  oz.  to  1860  oz. 

1000  „  854 

8.  Ratio  of  inch-section-weight, 

83  oz.  to  80  oz. 

1000  „  909 

4.  Ratio  of  voight  of  the  cerebram, 

41*25  oz.  to  87 '5  0^ 

1000  „  909 

6.  Ratio  of  atature-ratio  to  weight-  \ 
ratio,                                          / 

089  to  854  oz. 

1000  „  909 

The  ratio  last  enumerated  necessarily  follows  from  the  first 
and  second,  and  agrees  with  the  third.  The  first  and  second 
are  different  from  the  ratios  given  from  Parohappe ;  but,  in  my 
final  judgment,  are  nearer  to  the  truth  as  standard  or  mean 
numerical  results.  As  to  the  fourth  ratio  in  the  preceding 
series,  it  is  the  most  striking  of  all ;  it  is  also  different  from  the 
corresponding  ratio,  viz.,  the  brain-ratio  recorded  in  p.  482 ;  but 
that  was  encephalic^  this  is  cerebral.  Its  coincidence  with  the 
sectional  ratio  stamps  it  with  significance. 

The  true  explanation  of  the  differences  as  to  cerebral  sndow- 
ment  and  power  between  the  sexes,  may  possibly  therefore  be 
once  more  remitted  to  the  absolute,  rather  than  to  the  relative 
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amount  of  brain  substance  possessed  by  each,  a  brain  mass  of 
1000,  even  if  associated  with  a  larger  corporeal  machine,  being 
more  vigorous  and  energetic,  as  a  mental  organ,  than  a  brain 
mass  of  909,  associated  even  with  a  correspondingly  smaller 
body. 

It  must  now  be  mentioned,  lest  it  should  be  supposed  to  be 
overlooked,  that  the  circumstance  of  the  agreement  of  the  inch- 
section*weight  in  oz.,  with  one-half  the  height  of  the  right 
solid  in  inches,  is  a  numerical  coincidence,  which  would  have  no 
value  whatever,  unless  it  corresponded,  as  it  does,  so  closely 
with  the  observed  weight  of  the  body  divided  by  the  actual 
inches  of  height  Being  so,  however,  it  greatly  facilitates  the 
required  calculations.  The  essential  relation,  however,  is  that 
between  the  sectional  area  in  square  inches  and  the  height  in 
linear  inches,  of  a  right  solid  of  uniform  density ;  and,  I  need 
hardly  add,  that  all  the  calculations,  though  in  a  different  manner, 
can  be  worked  on  the  metrical  system,  by  the  use  of  centimetres 
and  grammes,  as  will  be  presently  exemplified 

It  is  not  here  asserted,  that  the  preceding  method  of  estimat- 
ing the  normal  proportion  of  cerebrum  to  the  rest  of  the  body 
is  absolutely  exact  It  is  meant  only,  that  the  method  dis* 
closes  the  existence  of  a  relation  between  the  two  things 
concerned,  and  serves  to  illustrate  that  relation  by  reference  to 
numbers.  Exactitude  is  at  present  impossible,  and  perhaps 
always  will  be ;  for  the  impulses  of  organic  movements,  even  if 
subordinated  to  a  rule  capable  of  a  mathematical  expression, 
display  ceaseless  variety  both  in  time  and  space. 

The  deviations  from  the  assumed  or  calculated  relation 
between  the  cerebrum  and  the  body,  taking  place  in  one 
direction  in  tall  persons,  and  in  the  opposite  direction  in  short 
persons,  so  that  an  ascending  line  or  curve,  representing  the 
actual  weights,  would  be  crossed  by  another  ascending  line 
representing  the  calculatad  weights,  necessarily  imply  the 
existence  of  a  place  of  concurrence  or  centre  of  true  relation, 
just  as  the  above  described  lines  must  intersect ;  and  it  is  of 
consequence  to  note  that,  the  point  of  coincidence  between  the 
observed  and  the  calculated  quantities,  as  recorded,  for  example, 
in  Table  XVI.  for  the  male  sex,  in  which  alone  they  can  at 
present  be  compared,  occurs  at  or  about  the  point  of  mean 
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stature  for  that  sex.  That  the  amount  of  these  deviations  at 
Other  heights  may  be  partly  reducible,  by  taking  into  account 
errors  of  observation,  or  an  excess  or  deficiency  of  nutrient 
material,  or  of  fat  in  the  body,  has  been  already  suggested; 
but  two  other  considerations,  then  deferred,  may  here  be  men- 
tioned. On  the  one  hand,  the  powerful  inherent  or  intrinsic 
tendency  of  the  nervous  centres,  and  especially  the  cerebrum, 
to  vary  in  size,  may,  in  any  individual  instance,  overbalance 
the  general  relation  of  proportion,  in  one  way  or  the  other ; 
and,  on  the  other  hand,  the  body  itself  most  probably  some* 
times  departs,  during  the  progress  of  growth,  from  its  originally 
destined  path  of  development,  so  that  an  intended  tall  man, 
with  full-sized  brain,  has  his  stature  dwarfed,  and  an  intended 
short  man,  with  a  small-sized  brain,  has  his  height  increased, 
by  accidental  causes,  such  as  constitutional  debility,  illness, 
or  accident ;  or,  again,  what  may  even  more  readily  happen, 
persons  of  intended  mean  stature,  with  medium-sized  brains, 
may,  in  their  growth,  vary  in  either  direction.  To  eliminate 
the  effects  of  such  inevitable  causes  of  deviation,  a  much  lai'ger 
number  of  observations  would  be  required  than  are  yet  at 
command,  of  persons  occupying  the  extremes  of  position  as  to 
stature ;  whereas,  these  are  necessarily  fewer  than  the  observa* 
tions  of  individuals  at  or  near  the  mean  height. 

The  followiag  table  exhibits  the  marked  tendency  of  the 
cerebrum  itself  to  individual  variety,  or  personal  equation,  at 
each  of  the  indicated  statures. 


Table  XVII,— Males. 


Heights  in  Inches, 

72 

70 

68 

66 

64            62 

1 

60 

Obsenred 
Weights 

of 
Gerebnun 

in 
the  Male.   , 

Greatest,  . 
-Mean,              . 
Lfeast, 

46 

48-75 

88-25 

47 

48-2 

88-5 

48 
42 
86 

47 

41-1 

85 

49 
40 
86-5 

47 

89-4 

82-5 

46-;> 

88-5 

■ 

34 

Calculated  averages,^ 

48-8 

42-88 

42 

41-08 

41-68 

89-68 

89-66 

^  The  anther  had  not  filled  in  the  figures  of  the  line  of  **  calculated  ayerages." 
The  figures  now  inserted  express  the  averages  of  the  weights  referred  to  in  Table 
XVII.,  but  it  is  possible  that  the  figures  45  |  4375  |  42*5  |  41*25  |  40  |  S8*75  | 
37*5  from  Table  XYL  may  hare  been  intended.— A.B.M. 
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Disclaiming  the  least  desire  to  overrate  the  value  of  any  of 
the  preceding  results,  I  will  now  attempt  to  show  that  a  table 
of  the  estimated  mean  weights  of  the  entire  efocephalon  may  be 
constructed,  for  persons  of  different  stature,  and  of  either  sex 
from  the  relations  already  described  as  apparently  existing 
between  the  cerebrum  and  the  body. 

It  may  first  be  pointed  out  that,  as  regards  the  Tn/ode  sex, 
the  calculated  weight  of  the  cerebrum  in  individuals  of  any 
given  height  may  be  obtained  in  a  less  circuitous  manner,  than 
that  already  explained  as  the  one  by  which  this  result  was 
originally  obtained.  For,  since  the  subdivision  of  the  total 
weight  of  the  hypothetical  right  solid  by  the  number  of  square 
inches  in  its  horizontal  section,  or  hose,  is  equivalent  to  the 
sabtraction  from  that  solid  of  a  vertical  column  of  equal  height, 
and  one  inch  square,  i.e.,  of  an  upright  pile  of  cubic  inches, 
equalling  in  number  the  inches  of  height,  it  is  merely  necessary, 
in  regard  to  the  vfiale,  to  divide  the  number  of  inches  of  height 
by  1'6,  the  factor  required  to  convert  cubic  inches  of  a  sub- 
stance having  the  density  of  the  human  body,  into  oz.  av.,  to 
obtain  the  sought-for  result. 

Diagrams  of  Right  Sdids. 

The  annexed  diagrams  (p.  497)  will  serve  to  show  this  and 
other  relations  of  the  male  and  female  hypothetical  right  solids 
described  in  this  paper.  As  the  quantities  are  marked  on  each 
figure,  no  special  references  to  these  are  needed. 

Iq  figs.  A  and  C,  the  various  quantities  are  given  in 
French  measure  also.  Thus,  167  centimetres  are,  as  nearly  as 
maybe,  equal  to  66  inches  of  height;  a  column  of  water,  1 
square  centimetre  in  horizontal  section,  and  of  that  height,  would 
contain  167  grammes  weight  of  that  fluid ;  and,  as  1*08  is  the 
specific  gravity  of  the  human  body,  167  X  1*08  will  give  the  weight 
of  a  corresponding  column  of  the  equivalent  right  solid,  viz.,  180 
grammes.  But,  as  there  are  6*45  square  centimetres  in  1  square 
inch,  there  would  be  6'45  of  such  columns  resting  on  a  base  of 
that  size;  so  that  180  grammes x 6*45  =  1169  grammes,  the 
weight  of  a  column  of  the  right  solid,  standing  on  a  base 
measuring  1  square  inch,  and  being  66  inches  high ;  and  that 
would  be  the  calculated  weight  of  the  cerebrum  in  a  man  of 


496  PROFESSOR  JOHN  MARSHALL. 

that  stature.  In  all  cases  in  males,  therefore,  the  height  in 
centimetres,  multiplied  by  1*08,  and  again  by  6*45,  or,  what  is 
the  same,  multiplied  by  7,  gives  the  estimated  weight  of  the 
cerebrum  in  a  male  of  similar  height  in  grammes.  It  may  be 
added  that  the  calculated  English  cerebral  weight  in  a  male  66 
inches  high,  i.e.,  of  mean  stature,  viz.,  41*25  oz.  av.,  is  equal  to 
1169'4  grammes  in  French  weight.  This  would  give  for  the 
entire  encephalon  a  weight  of  about  1350  grammes,  which  is  a 
little  below  the  average  European  weight,  about  1380  grammes ; 
but,  in  estimating  this  latter,  the  stature  and  its  effects  have 
not  been  observed  nor  allowed  for* 

Figs.  B  and  C  are  introduced  to  show  graphically  that  the 
mode  of  estimating  the  male  cerebral  weight  is  not  applicable 
to  the  female,  owing,  as  already  explained,  to  the  different  rela- 
tion between  the  sectional  area  and  the  height  of  the  female 
right  solid,  as  determined  by  her  smaller  total  weight,  i.e.,  by 
her  smaller  and  lighter  frame,  height  for  height.  Thus  it  will 
be  seen  that,  although  the  sectional  area  of  the  female  right 
solid  C,  is  only  48  square  inches  for  a  height  of  62  inches, 
whilst  the  sectional  area  of  the  male  of  similar  height  is  49'6 
square  inches ;  yet,  as  the  weights  of  these  two  solids,  accordin/;|^ 
to  the  method  employed,  are  necessarily  strictly  proportioned  to 
the  sections  respectively,  viz.,  1860  and  1922  oz.,  the  division  of 
the  two  latter  quantities  by  the  two  former  gives  the  same 
quotient,  viz.,  38*75  oz.  Indeed,  whatever  the  size  of  the 
sectional  area,  as  it  always  bears  the  same  relation  to  the 
weight  when  the  height  is  equal,  that  quotient  will  be  the 
same;  and,  as  that  always  gives  the  weight  of  an  identically 
sized  column  of  the  right  solid,  viz.,  one  of  62  inches  high,  and  1 
square  inch  in  section,  it  could  not  properly  represent  the 
weight  of  the  corresponding  cerebrum  under  such  numerous 
and  widely  different  conditions.  For,  let  the  height  be  62 
inches,  and  the  inch-section-weight  either  30,  20,  or  10  oz.,  then 

62x30  62x20  62x10  _  62  _  ^^^^ 

30^0^6'  """^  20xT6 '  ""^  io^re  ~  Fe  ~  ^'^^ ^^ 

Finally,  then,  it  is  seen  that,  when  the  inch-section-weight  in 
oz.  is  half  the  height  in  inches,  the  total  weight  in  oz.,  divided 
by  the  sectional  area  in  square  inches,  gives  the  calculated 
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weight  of  the  cerebrum  in  oz.,  which,  moreover,  is  also  equal 
to  the  number  of  oz.  in  a  four-sided  eolumn  of  the  right  solid 
in  question,  measuring  1  square  inch  in  section,  ^.6.,  containioj^ 
as  many  cubic  inches  as  the  solid  is  high.  This  is  the  case  in 
the  male  right  solid  of  mean  height,  and  with  slight  deviations, 
in  male  right  solids  of  greater  or  less  height.  But  it  is  not 
true  of  the  female  right  solid.  To  find  the  corresponding 
calculated  cerebral  weight  in  that  case,  the  proportion  of  the 
sectional  area,  or  of  the  inch-section-weight,  it  does  not  matter 
which,  to  that  of  the  male,  has  to  be  taken  into  account,  and 
this  will  furnish  the  calculated  weight  of  the  female  cerebrum. 
Thus,  according  as  we  compare  the  female  of  the  mean  height 
of  62  inches,  with  the  male  of  the  mean  height  of  66  inches,  or 
with  a  male  of  the  same  height,  viz.,  62  inches,  we  have  the 
following  proportions  as  38  :  41*25  oz.  :  :  30  :  37'5  oz.,  or  as 
31  :  38'75  oz. : :  30  :  37*5  oz. ;  in  each  case,  the  fourth  term  is 
the  same,  and  gives  the  estimated  weight  of  the  female  cere- 
brum at  the  mean  stature.  Using  Elnglish  inches  for  the 
height,  and  oz.  av.  for  the  weight,  the  following  simple  equations 
are  all  that  are  iiecessary : — 

Weight  of  the  mean  male  cerebrum,     . 


Weight  of  the  female  cerebrum. 


Height 
1-6 

Height 


1-6 


X  80^31 


I  here  insert  one  more  table,  constructed  on  the  bases  already 
stated,  to  show  the  estimated  weights  of  the  body  and  of  the 
entire  brain,  or  encephxdon^  in  full-grown  males  and  females  of 
different  stature. 

Table  XVIH. 


Heights  in  Inches, 

72 

70 

68 

66 

64 

62 

60        68 

56 

Weight       ^*****«       •       •    * 

63 

158 

144*6 

116 

128 

120 

112 

1 

•  a* 

1 

••• 

tX'    ff—'o'.     ■       • 

•  •• 

••• 

140 

131-6 

198-6 

116 

109 

101-6 

96 

Calculated  )  Males, 
Weight  of  y 
Encephalon.)  FemUes,    . 

51-6 

•  •• 

60-28 

48-8 
47-29 

47-86 
46*87 

46-9 
446 

44-48 
4818 

48-06 
41-72 

40-88 

8918 

ObeervM    )  Ifalet, 
Weight  of  S- 
Encephalon.)  FenuOes,    . 

49-7ft 

*•* 

49^ 

... 

481 
47 

47*8 
46-« 

46-4 
48-9 

46-7 
42-9 

44-7* 
41« 

• 

40-64 

••* 

S9-4 

"*  This  most  discrepant  resaU  is  taken  from  too  few  ohseryations. 
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In  compiling  this  table,  the  ccdcvlated  weights  of  the  male 
and  female  body  are  first  obtained,  and  then  the  calculated 
weight  of  the  cerebrum  in  each  case  is  determined  in  the 
modes  already  explained.  Next,  the  weights  of  the  cerebellum, 
and  of  the  pons  with  the  medulla  oblongata,  are  ascertained  and 
added  in  each  instance,  so  as  to  obtain  the  weight  of  the  ence- 
phalon,  or  entire  brain.  The  male  cerebellum  is  supposed  to  be 
in  the  proportion  of  1  to  8*1,  and  the  female  cerebellum  as  1 
to  8,  in  reference  to  the  cerebrum  ;  the  pons  with  the  medulla 
oblongata  is  assumed  to  be  equal  to  Jth  part  of  the  cerebellum. 
As  to  the  observed  weights  of  the  encephalon  at  the  correspond- 
ing heights,  these  have  been  obtained  from  some  of  Dr  Boyd's 
observations,  by  taking,  -where  possible,  the  mean  of  tiiree 
adjacent  groups  of  brains,  always  of  individuals  of  from  twenty 
to  thirty  years  of  age,  and  excluding  very  extreme  cases  of 
deficient  weight,  as  a  fair  representation  of  the  brain-weight  of 
the  middle  group:  thus,  the  tabulated  weights  at  66  inches  and  at 
62  inches,  for  example,  are  obtained  from  the  weights  observed  at 
67, 66,  and  65  inches,  and  at  63,  62,  and  61  inches,  respectively. 
Otherwise,  the  numbers  employed  at  the  required  age  would 
have  been  too  few  to  have  obtained  tolerably  fair  results. 

The  observed  and  calculated  weights  correspond  most  nearly 
in  the  centre  of  each  series,  male  and  female ;  the  former,  as 
elsewhere  noticed,  are  slightly  defective  at  the  higher,  and 
excessive  at  the  lower  statures.  The  means  of  each  series  are 
as  follows : — 

Calculated  weights — male,  47*34  oz. ;  female,  4314  oz. 
Observed  weights — male,  47*0  oz. ;  female,  42*93  oz. 

The  numbers  in  this  table  may  also  be  compared  with  those, 
at  approximate  heights,  given  in  Tables  VIL  and  YIII.,  with 
which,  it  will  be  seen,  they  show  a  remarkable  concuirence. 

Assuming  that  these  results  justify  their  use  as  a  sort  of  scale 
of  cerebral  or  encephalic  development  in  Man,  according  to  his 
stature,  it  would  become  possible  to  assign,  more  nearly  than 
has  yet  been  done,  the  proper  relative  position,  as  to  weight,  of 
any  given  person's  brain,  in  reference  to  a  certam  standa^rd  or 
J^oi  weight.  In  other  words,  its  proper  ^l^yA^^;ar^a^^o^ 
could  be  at  once  determined ;  and  this  would  indicate,  so  far  as 
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size  alone  can  do  so,  its  individual  superiority  or  inferiority,  as 
compared  with  other  braina 

For  example,  the  observed  weights  of  the  brains  of  the  follow- 
ing distinguished  men,  allowance  being  made  for  the  effects  of 
age  in  diminishing  the  weight  in  each  case,  were  as  follows : — 

Thackeray.      De  Morgan.      Babbage.        Grote.        Grant. 
59  oz.  54*5  oz.  52'5  oz.         52  oz.       48*75  oz. 

But  the  estimated  standard  weights,  according  to  their 
respective  statures,  would  have  been : — 

Thackeray.      De  Morgan.      Babbage.        Grote.        Grant. 
53  oz.  51*4  oz.  49'5  oz.  51  oz.         50  oz. 

Hence,  in  respect  of  such  standards,  the  brains  of  Thackeray, 
De  Morgan,  Babbage,  and  Grote  show  an  excess  of  weight,  or  a 
proper  weight-variation  of  6  oz.,  3*1  oz.,  3  oz.,  and  1  oz., 
respectively ;  whilst  the  brain  of  Professor  R.  E.  Grant  was  1*75 
oz.  below  the  calculated  weight.  Such  a  mode  of  comparison  is 
of  greater  interest,  and  probably  of  greater  value  than  one  with 
a  mean  brain  weight,  determined  without  reference  to  differ- 
ences of  stature,  such  as  those  of  Boyd,  Welcker,  and  some  other 
observers. 

I  trust,  in  conclusion,  that  however  imperfect  the  present 
investigation  may  hereafter  be  shown  to  be,  it  will  serve  to 
render  more  complete  our  knowledge  of  the  quantitative  rela- 
tions, which  must  assuredly  exist  between  the  brain  and  the 
body,  i.e.,  between  the  governing  and  governed  portions  of  the 
human  frame. 
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A  FEW  NOTES  ON  EPITHELIAL  PEARLS  IN  FCETUSES 
AND  INFANTS.  By  A.  A.  Kanthack,  John  Lucas 
Walker  Student  in  Pathology,  Cavibi^lge  University, 
(Plate  XI) 

(From  the  Labontory  of  the  Pathol(^cal  Institate,  Berlin,  1890.) 

In  his  lectures  on  "  Evolution  in  Pathology,"  Mr  Bland  Sutton 
(1)  alludes  to  the  existence  of  epithelial  pearls^  in  the  middle 
Hue  of  the  hard  palate  and  in  the  alveolar  processes  of  the 
maxillae  of  foetuses  and  new-born  children.  He  regards  them  in 
the  "light  of  epithelial  sequestra"  or  rudimentary  dermoids. 
"  As  the  two  epithelial  surfaces  of  the  hard  palate  become  fused, 
epithelial  cells  are  included  and  remain  embedded  in  the  tissues 
as  sequestra."  He  finds  the  chief  support  for  this  assumption  in 
the  investigations  of  A.  Epstein  (2)  and  H.  Leboucq  (3). 

According  to  Epstein,  these  pearls  are  inclusion-products. 
'*  In  the  hard  palate  they  owe  their  origin  to  an  irregular  and 
in  places  interrupted  union  of  the  palatine  processes,  between 
which  small  hollow  spaces  remain  behind.  These  develop  into 
epithelial  nests  or  pearls  by  proliferation  of  the  cells  lining  them. 
They  are  formed  during  the  blending  of  the  two  edges,  covered 
by  mucous  membrane,  growing  towards  one  another,  or  in 
sinuses  and  ciypts  formed  by  a  process  of  folding,  which  are 
subsequently  cut  off  from  the  surface." 

Epstein  found  these  pearl»  (1)  in  the  posterior  portion  of  the 
palatine  raph^,  more  or  less  restricted  to  the  middle  line ;  (2) 
in  the  alveolar  processes,  especially  of  the  upper  jaw,  in  the 
dental  groove ;  (3)  on  the  auterior  surface  of  the  gums ;  (4)  at 
the  lines  of  reflexion  of  epithelial  surfaces,  e.g.,  nymphsB ;  (5)  in 
the  frsenum  linguae  ;  (6)  the  palatine  arches;  (7)  in  the  prepuce 

^  These  bodies  ore  identical  with  the  laminated  onion-like  masses  often  called 
"  nests,"  whidi  are  of  freqnent  occorrenoe  in  cancroid  and  pachydermia.  As  the 
term  "nests,"  however,  is  also  applied  to  the  typical  alreoli  filled  with  epi- 
thelium, and  charaeteristio  of  carcinoma,  to  avoid  all  confusion  the  word 
*'  pearls  "  has  been  consistently  need  in  this  paper  to  denote  these  well-known 
conoentrically  arranged  masses  of  homy  epithelinm. 
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at  its  line  of  reflexion  and  in  the  middle  line  on  its  under 
surface ;  (8)  on  the  vaginal  surface  of  the  cervix  uterL  In  all 
these  localities  they  may  be  seen  in  most  new-bom  children. 
The  peai'ls,  according  to  Epstein,  are  generally  surrounded  by  a 
fibrous  capsule,  and  separated  from  the  surface  epithelium  by  a 
stratum  of  submucous  tissue. 

Leboucq  (op.  cU.)  agrees  with  Epstein  as  far  as  the  pearls  in 
the  palatine  raph6  and  the  palato-intermaxillary  suture  are  con- 
cerned. These,  he  says,  are  formed  "d'une  mani^re  passive 
par  Taccolement  des  surfaces  primitivement  s6par6es  et 
Tenclavement  du  rev^tement  ^pith^lial  qui  les  recouvrait/' 
The  pearls  found  in  the  middle  line  of  the  abdomen  and  penis 
he  explains  in  like  manner.  He  also  describes  pearls  at  the  sides 
of  the  papilla  incisiva,  which  he  assumes  are  due  to  the  cutting 
off  of  portions  of  the  foetal  naso-palatine  duct.  The  pearls  in 
the  alveolar  processes,  according  to  Leboucq,  are  remains  of  the 
enamel  germ,  and  "semblent  Stre  Tindice  d'une  activity  forma- 
tive speciale  des  Elements  ^pith^iaux  de  la  voflte  palatine." 

Both  Epstein  and  Leboucq,  therefore,  regard  these  pearls  in 
the  light  of  inclusion  products  (Bland  Sutton's  "  sequestration 
dermoids  ").  The  former,  in  fact,  sees  in  these  pearls  a  probable 
support  of  Cohnheim's  inclusion  theory.' 

The  object  of  the  following  brief  study  was  to  investigate  the 
origin  of  these  pearls.  The*  first  question  is,  Where  do  we  find 
epithelial  pearls  ?  Besides  the  localities  mentioned  by  Epstein 
and  Leboucq,  in  the  tonsils  of  new-born  children  pearls  are  con- 
stantly found  These  I  have  described  elsewhere  (4).  It  may 
be  of  interest  to  mention  that  similar  masses  are  at  times  also 
found  in  the  tonsils  of  adults  and  in  the  hypertrophied  adenoid 
tissue  at  the  basis  linguae  (ZungenbalgdrUsen).  In  the  penis 
pearls  were  always  found,  never  however  on  the  under  surface,  as 
Epstein  and  Bland  Sutton  maintain,  but  always  between  the 
glans  and  the  prepuce,  centrally  or  laterally  (c/.  Schweigger- 
Seydl  (5). 

^  Even  if  Epstein's  views  were  correct,  they  would  be  no  support  of  Cohnheim's 
theory,  as  there  is  great  difference  between  embryonic  tissue  and  tiasoe  included 
during  embryonic  life  (v.  Virchow,  CelltUarpathologie,  Berlin,  1871,  pp.  74-79). 
**  Tissues  which  already  exist  in  the  embryo  and  in  extra-uterine  life  are  preserved, 
as  such,  are  not  necessarily  embryonic  Embryonic  tissue  is  the  immature,  in«- 
complete,  and  transitional  tissue  of  early  uterine  life." 
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Histology  of  the  Pea/rU. — A  glance  at  fig.  2  will  teach  more 
than  a  lengthy  description.  Here  a  typical  pearl  is  represented 
It  is  identical  in  appearance  with  the  concentric  bodies  seen  in 
cancroids,  the  cells  being,  however,  somewhat  smaller  and  more 
closely  packed.  A  fibrous  capsule  does  not  exist.  Sometimes 
oomification  is  so  advanced  that  the  pearl  forms  an  apparently 
homogeneous  mass  which  easily  falls  out,  leaving  a  hollow  space 
in  the  section.  Cholesterin  was  never  found.  In  some  cases, 
especially  near  the  papilla  incisiva,  instead  of  such  a  t3^ical 
pearl  we  find  a  large  space  filled  with  desquamated  and 
degenerating  epithelium  (u  fig.  3),  and  the  same  applies  to  the 
laige  pearls  observed  at  the  junction  of  the  hard  with  the  soft 
palate.    Dermoid  elements  were  never  detected. 

Origin  of  the  Pearls. — The  question  to  be  decided  is,  Are 
the  pearls  really  inclusion  prodticts  ("  sequestration  dermoids  ")  ? 
The  following  method  was  adopted  to  settle  thi& 

(a)  Upper  Jaw. — ^As  a  rule,  new-bom  full-term  children,  or 
foetuses  from  5  and  6  months,  were  taken,  and  with  care  the 
hard  palate,  with  the  alveolar  processes  and  gums,  separated  by 
cutting  through  the  floor  of  the  nose.  The  piece,  after  being 
carefully  hardened  in  absolute  alcohol,  was  decalcified  in  25  per 
cent,  acidum  nitricum,  and  then  embedded  in  celloidin  and  cut 
in  series,  the  sections  being  either  coronal  or  sagittal.  In  this 
manner  the  palates  of  30  foetuses  from  5  to  9  months  were 
examined,  and  also  of  4  foetuses  between  3  and  4  months  old. 
The  sections  were  of  course  examined  in  their  numerical  order. 

(b)  The  lower  jaw  was  examined  in  the  same  manner,  but  only 
3  specimens  were  used. 

(c)  Eight  penes  were  cut  up,  having  previously  been 
embedded  in  celloidin.  The  same  applies  to  the  external  female 
genital  organs,  of  which  3  specimens  were  used.  It  is  obviously 
of  great  importance  to  prepare  and  examine  sections  in 'their 
numerical  order,  with  a  view  to  tracing  the  pearls  accurately, 
and  in  order  to  see  whether  they  are  embedded  in  the  stroma 
of  the  corium,  or  continuous  with  the  surface,  ie.,  whether  they 
are  "  inclusion  or  retention  products."  The  conclusion  arrived 
at  is  that  the  pearls  are  retention  products,  and  cannot  be  used 
as  evidence  in  favour  of  Cohnheim's  inclusion  theory,  or  Bland 
Sutton  s  assumption  of  sequestration  dermoids. 
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I.  Abgxtments  against  the  Pearls  being  Inclusion 

Products. 

(a)  Upper  Jaw — 

(1)  Occasionally  pearls  are  found  some  distance  from  the 

middle  line,  and  these  cann6t  be  due  to  a  process  of 
inclusion  during  the  fusion  of  two  epithelial  surfaces 
approaching  one  another. 

(2)  In  almost  all  cases,  by  examining  a  numerical  series. 

of  sections,  the  pearls  could  be  followed  to  the 
surface.  Fig.  3  shows  the  connection  with  the 
surface  exceedingly  well.  In  this  instance  sagittal 
sections  were  made,  and  the  pearl,  which  at  first 
appeared  to  be  embedded  in  the  depth  of  the 
tissue,  could  be  traced  as  a  duct-like  process  com- 
municating with  the  surface  epithelium. 

(3)  Where  this  connection  with  the  surface  could  not  be 

made  out,  this  was  due  to  accidents  in  cutting  the 
'  sections,  or   the  pearls  were  found  to  owe  their 
(Origin  to  glandular  lesions. 

(4)  The  number  of  pearls  varies  inversely  with  the  age 

of  the  foetua  In  a  young  specimen,  even  long  after 
the  palatine  processes  have  become  fused,  extremely 
few  are  found.  This  fact  argues  strongly  against 
the  "  inclusion  theory." 

(5)  Pearls  were  never  observed  in  the  substance  of  the 

osseous  tissue  of  the  hard  palate,  nor  has  any  other 
observer  ever  described  their  occurrence  there.  If 
they  were  due  to  inclusion,  they  should  certainly, 
occasionally  at  least,  be  found  there. 

(6)  The  pearls  of  the  dental  groove  or  enamel  germ 

could  always  be  traced  to  the  surface.  An  excep- 
tion  to  this  rule  did  not  exist  (i?.  fig.  1). 

(7)  The  pearls  on  the  anterior  surface  of  the  gums,  as 

well  as  those  mentioned  under  (6),  cannot  in  any 
possible  manner  be  explained  as  inclusioii  pro- 
ducts. Moreover,  they  were  always  traced  to  the 
surface. 
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(8)  I  have  never  found  the  naso-palatine  duct  as  an 
epithelial  tract  in  any  foetus  examined,  and  there- 
fore hesitate  to  regard  the  pearls  found  in  the 
neighbourhood  of  the  papilla  incisiva  as  being  due 
to  a  blocking  up  and  subsequent  inclusion  of  these 
ducts  (u  infra). 

(b)  TtmsiL — ^The  pearls  which  are  constantly  noticed  here 
cannot  possibly  be  due  to  an  inclusion,  as  no  fusion  of  epithelial 
surfaces  takes  place  here. 

(c)  Penis, — As  was  remarked  above,  pearls  were  never  found 
on  the  lower  surface  near  the  raph6,  but  always  between  the 
prepuce  and  the  glans,  and  were  always  easily  traced  to  the 
surface.    The  same  applies  to  the  Clitoris, 


II  The  Pearls  are  either  Retention  Products  or 

DUE  to  QlANDULAR  DISEASE. 

(a)  This  is  easily  understood  with  regard  to  the  tonsils. 
During  their  development  crypt-like  processes  dip  into  the 
adenoid  substanca  The  surface  epithelium  is  continually 
being  shed,  aad  as  the  ciypts  are  very  tortuous,  is  easUy  retained 
in  places  and  compressed,  and  in  a  favourable  section  would 
give  the  appearance  of  a  pearL 

(b)  In  the  upper  jaw  several  modes  of  formation  of  pearls 
must  be  considered. 

(1)  They  may  be  due  to  glandular  disease.  This  has 
been  maintained  with  regard  to  the  pearls  found  in 
the  posterior  part  of  the  hard  palate  by  Beubold  (6) 
and  Virchow  (7).  The  latter  compares  them  to 
atheromatous  cysts.  There  can  be  no  doubt  that, 
contrary  to  Epstein's  statements,  these  pearls  are 
often  due  to  glandular  degeneration,  as  a  glance  at 
figs.  4  and  5  will  prove.  Besides,  we  often  find 
that  the  pearls  situated  here  are  arranged  just  like 
glands,  and  correspond  to  them  exactly  in  position. 
Finally,  these  pearls  (at  the  junction  of  the  hard 
with  the  soft  palate)  are  never  found  in  the  foetus 
before  the  glands  are  fully  developed.    I  do  not 
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pretend  to  offer  any  explanation  why  these 
glandular  changes  should  occur  so  much  more  often 
posteriorly  and  about  the  middle  line;  it  may, 
however,  be  mentioned,  that  in  the  foetus  and  new- 
born child  the  glands  do  not  reach  far  forwards,  nor 
do  they  extend  much  laterally. 

(2)  In  a  second  set  of  cases  the  pearls  are  formed  in  a 

manner  identical  with  that  in  which  the  occasional 
pearls  found  in  normal  skin  or  in  pachydermatous 
processes  are  developed. 

(3)  In  other  instances  the  pearls  are  due  to  the  reten- 

tion and  subsequent  moulding  of  shed  epithelium. 
During  the  growth  of  the  palate,  crypt-like  processes 
and  folds  are  formed;   and  in   the  lacunae  thus 
established,  the  epithelium  is  retained.    A  glance 
at  the  hard  palate  of  any  new-born  child  shows  how 
very  uneven  the  surface  is;  a  great  number   of 
transverse  ridges  are  seen,  and  these  ridges  are 
folded  back  on  the  surface,  so  that  on  a  sagittal 
section    we  find  a    number  of    crypts  in    which 
epithelium  may  be  retained.    If  these  should  be 
favourably  cut,  the  appearance  of  a  pearl  is  easily- 
obtained. 
For  a  long  time  I  found  great  difficulty  in  explaining  the 
large  pearls  constantly  found  at  each  side  of  the  papilla  incisiva 
{v,  fig.  1).    They  can  hardly  be  due  to  a  blocking  of  the  naso* 
palatine  duct,  for  the  latter,  as  an  epithelial  duct,  was  not  once 
found  in  a  large  number  of  cases  examined.    But  on  each  side 
of  the  prominent  papilla  a  deep  narrow  fold  exists,  and  in 
successful  sections  the  whole  of  this  fold  may  be  hit  off  {v.  figs. 
3  and  6).     It  is  obvious  that  in  a  less  fortunate  section,  or  with 
an  incomplete  series,  we  would  have  the  appearance  of  a  pearl 
embedded  in  the  depth  of  the  tissues. 

(o)  No  more  need  be  said  with  regard  to  the  pearls  found  in 
the  penis  and  cUioris.  They  are  undoubtedly  due  either  to 
the  moulding  of  shed  epithelium  retained  between  the  prepuce 
and  the  glans,  or  to  an  increased  proliferation  of  the  epithelium, 
corresponding  exactly  to  the  pearls  found  in  normal  or  pachy« 
dermatous  skin. 
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Gondusum, — ^The  conclusion  arrived  at  therefore  is,  that  the 
pearls  found  in  these  situations  are  not  inclusion  products,  but 
due  either  to  a  retention  and  subsequent  moulding  of  the  shed 
epithelium  within  crypts  and  folds  which  in  all  cases  com- 
municate with  the  surface,  or  to  glandular  changes,  or  that  they 
are  developed  in  the  same  manner  as  the  pearls  of  normal  or 
pachydermatous  epidermis.  They  cannot  therefore  be  con- 
sidered in  the  light  of  **  sequestration  dermoids,"  or  '*  included 
embryonic  germs/' 
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EXPLANATION  OF  PLATE  XL 

The  drawings  (figs.  4  and  5)  were  executed  by  R  Schwann,  Esq., 
of  Berlin.  The  photographs  were  prepared  by  my  brother  R. 
Kanthack,  from  unstained  specimens,  with  Zeiss's  microphotographic 
apparatus,  apochromatic  lenses  being  used  in  each  case.  It  is 
with  great  pleasure  that  I  here  express  my  gratitude  for  his  help  and 
assistance. 

Fig.  1.  Coronal  section  through  the  hard  palate  and  floor  of  the 
nose  of  a  full-term  child :  a,  lower  part  of  septum  nasi ;  h,  lower 
end  of  inferior  turbinated  bone ;  c,  papilla  incisiva  (epithelium  torn 
from  the  underlying  mucosa) ;  e,  fold  or  crypt  between  the  papilla 
and  the  palate ;  /  /*,  the  two  dental  grooves  converging  towards  d. 
These  are^made  up  of  a  string  of  pearls  continuous  with  the 
surface. 

The  three  pearls  between  d  and  e  were  in  subsequent  sections 
traced  to  the  surface,  the  two  lateral  ones  ending  at  the  angles  of  e. 

Fig.  2.  A  typical  epithelial  pearl  (Zeiss  D). 

Fig.  3.  Sagittal  section  through  the  papilla  incisiva :  a,  surface 


508         EPITHELIAL  PEARLS  IN  F(ETUS£S  AND  INFANTS. 

epithelium;  c,  papilla  incisiva.  This  section  shows  splendidly  the 
formation  of  pearls  in  this  locality.  In  a  coronal  section  the  duct-like 
process  would  appear  as  a  pearl  embedded  in  the  depth. 

Figs.  4  and  5.  Two  consecutive  sagittal  sections  through  the 
palate  at  the  junction  of  the  soft  with  the  hard  palate,  to  show  the 
glandular  origin  of  pearls  :  a,  surface  epithelium ;  6,  bone  of  hard 
palate.     The  glands  are  seen  to  disappear  in  the  pearls. 

Fig.  6.  Sagittal  section  through  the  anterior  half  of  the  hard 
palate  showing  the  fold  on  one  side  of  the  papilla  incisiva  in  section : 
Oy  surface  epitjielium ;  6,  dental  groove ;  c,  papilla  incisiva ;  e,  fold 
on  one  side  of  the  papilla  in  section.  A  tall  epitheHal  process  ia 
seen  to  rise  from  the  surface  of  the  gum  at  d.  It  is  obvious  that 
in  coronal  sections  the  crypt  of  e  would  appear  as  an  included 
pearl. 

Fig.  7.  Section  through  the  hard  palate  of  a  newly-born  child  :  a, 
bone ;  b,  corium  of  mucous  membrane  and  periosteum ;  c,  epithelium. 


Fig.  7.    . 
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ADENOMA  OF    THE  BREAST  IN  CHILDHOOD.      By 
R  Glasgow    Patteson,  M,B.   Univ.    Dubl,  F,R.C.S.I., 

Aeaistant  Sv/rgeon  to  St   VincerU'd    Hospital,   Dublin, 
(Plate  XII.) 

The  occurrence  of  adenoma — or  "  glandular  tumour  " — of  the 
breast  below  the  age  of  puberty  is  one  of  such  rarity,  if,  indeed, 
it  is  not  unique  in  pathological  record,  that  no  apology  is  needed 
for  describing  in  some  detail  two  cases  which  have  recently 
come  under  my  observation. 

The  first  occurred  in  the  practice  of  my  colleague,  Mr  M'Ardle, 
and  to  his  kindness  I  am  indebted  for  the  opportunity  of 
examining  it  and  determining  its  histological  character.  The 
girl,  who  was  just  13  years  of  age,  was  sent  up  to  St  Vincent's 
Hospital  firom  the  south  of  Ireland  lasb  October,  supposed  to  be 
suffering  from  chronic  abscess  in  the  left  breast.  In  the  absence 
of  Mr  M'Ardle  she  first  came  under  my  notice,  and  it  was  at 
once  evident  that  we  had  to  deal  with  a  solid  growth  and  not 
with  an  abscess.  There  was  a  history  of  a  fall  and  injury  to  the 
breast  about  a  year  previously,  and  to  this  the  growth  was  sup- 
posed to  be  due ;  at  any  rate,  it  was  first  noticed  one  or  two 
months  after  the  accident.  It  had  gone  on  slowly  increasing  in 
size,  absolutely  without  pain,  tenderness,  or  any  other  symptom. 
The  child's  general  health  was  excellent,  and  she  looked  well 
and  was  well  nourished.  There  was  no  history  of  a  tubercular 
tendency  obtainable.  There  was  commencing  development  of 
the  normal  gland,  which  was  freely  movable  over  the  growth. 
The  tumour  was  about  the  size  of  an  almond,  irregularly  oval 
in  shape,  and  indistinctly  lobulated  in  outline ;  it  was  freely 
movable  over  the  underlying  tissues,  quite  painless  to  pressure 
and  gave  a  sense  of  elasticity,  though  not  of  fluctuation,  to  the 
touch.  Considerable  doubt  was  expressed  as  to  its  nature. 
The  age  of  the  patient  precluded,  it  was  thought,  an  adeno- 
matous growth ;  and  it  was  regarded  as  most  probably  of  a 
sarcomatous  or  of  a  chronic  inflammatory  nature.  It  was 
removed  by  Mr  M'Ardle,  who  kindly  put  it  at  my  disposal 
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for  examination.  As  it  was  immediately  placed  in  strong 
alcohol,  no  opportunity  was  afforded  me  of  observing  jts 
naked-eye  characters. 

In  the  hardened  condition  it  measured  28  mm.  in  length, 
17  mm.  in  width,  and  9  mm.  in  depth — all  outside  measurements. 
It  cut  somewhat  toughly  with  a  firm  and  uniformly  white  surfisu^e. 
On  examining  sections  under  the  microscope,  it  was  found  that 
the  greater  portion  of  the  growth  consisted  of  a  dense  fibrous 
tissue  arranged  in  wavy  parallel  bundles,  and  for  the  main  part 
but  sparsely  cellular  in  type.  Scattered  through  this  fibrous 
stroma  were  numerous  groups  of  glandular  acini,  some  small 
and  round,  others  large  and  irregular  in  shape,  which  for  the 
most  part  showed  a  distinct  lumen,  and  were  everywhere  sharply 
defined  from  the  surrounding  fibrous  stroma  by  a  well-marked 
basement  membrane.  They  were  lined  with  a  simple,  or  in 
places  compound,  columnar  or  cubical  epithelium.  Many  of  the 
acini  had  undergone  a  certain  amount  of  distension,  or  of 
"  cystic  degeneration,"  and  in  these  many  papillary  ingrowths 
projected  into  the  lumen  of  the  tube,  giving  rise  to  a  sinuous 
and  irregular  outline.  Many,  again,  had  the  lumen  obliterated 
by  the  actively  proliferating  and  degenerating  epithelium,  which 
had  here  lost  its  columnar  character,  except  in  those  cells  im- 
mediately adjoining  the  basement  membrane.  The  varying 
appearances  are  well  seen  in  the  section  from  which  fig.  1, 
PI.  xii.,  was  drawn.  It  will  be  observed  in  this,  that  in  the 
immediate  neighbourhood  of  the  acini  the  fibrous  tissue  is 
more  cellular  and  less  wavy  in  type. 

The  second  case  was  that  of  a  child  aged  12  years  and 
9  months,  who  was  br5ught  to  St  Vincent's  out-patient 
department  towards  the  end  of  January.  She  was  suffering  from 
a  lump  in  the  right  breast,  and  gave  the  following  history : — 
Three  months  previously  the  mother  noticed  a  small  "  kernel," 
which  was  painless,  and  after  a  little  time  apparently  went  away. 
About  a  month  later  it  was  again  noticed,  this  time  giving  rise 
.t$  pain,  and  it  was  also  found  to  be  gradually  getting  larger, 
'UAtil  at  the  end  of  nearly  two  months  it  had  attained  the  size, 
and  very  much  the  shape,  of  a  small  fig.  There  was  no  trace  of 
mammary  development.  The  growth  was  seated  right  below  the 
nipple,  which  apparently  was  freely  movable  over  it,  as  likewise 
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was  the  growth  over  the  underlying  tissues.  It  was  slightly 
irregular  in  outline,  giving  the  sensation  of  lobulation,  and  was 
very  tender  and  sensitive  on  handling — even  the  rubbing  of 
the  clothes  causing  pain.  It  was  not  continuously  painful,  but  the 
pain  came  in  darts,  and  was  said  to  be  worse  at  night,  though 
this  statement  was  afterwards  varied.  Otherwise  the  child's 
health  was  good,  and  except  for  this  painfulness,  which  exactly 
resembled  the  so-called  "neuralgia  of  the  breast,''  so  often 
associated  with  these  tumours  in  young  and  nervous  women, 
she  suffered  no  inconvenience.  However,  on  account  of  this, 
and  as  the  growth  was  increasing,  I'  recommended  its  removal, 
regarding  it  from  the  experience  gained  in  the  previous  case, 
and  the  exact  identity  of  the  clinical  features  (except  the  pain), 
as  another  example  of  adenomatous  growth.  Accordingly,  on 
the  28th  January,  I  removed  the  tumour  by  a  small  semilunar 
incision  about  half  an  inch  below  the  margin  of  the  areola. 
The  tumour  was  definitely  encapsuled  and  was  freely  detachable 
underneath,  but  in  front  and  above  the  capsule  was  adherent  to 
the  skin,  so  that  at  the  upper  limit,  about  an  inch  above  the 
nipple,  a  small  elliptical  piece  of  skin  had  to  be  removed  in 
order  to  ensure  the  complete  removal  of  the  growth.  The 
wound  united  throughout  by  first  intention,  and  the  child  was 
going  about  at  the  end  of  a  week. 

On  making  a  section  of  the  fresh  tumour,  which  measured 
35  mm.  in  length,  27  mm.  in  breadth,  and  13  mm.  in  depth — 
all  extreme  measurements — the  cut  surface  presented  a  peculiar, 
pearly- white,  in  parts  almost  translucent,  appearance,  as  if  com- 
posed of  a  collection  of  half-boiled  grains  of  sago — in  each  a 
dull  opaque  whitish  centre,  with  a  clear  greyish  translucent  halo 
round  it.  It  was  quite  soft  on  cutting  into  it,  and  exuded  a 
clear  mucinoid  juice.  On  examining  sections  under  the  micro- 
scope, it  was  found  to  resemble  very  closely  in  its  general  features 
the  growth  described  above.  The  fibrous  inter-acinous  stroma 
was,  however,  finer  and  more  delicate  in  texture,  and  was  com- 
posed of  slender  interlacing  bundles  of  connective  tissue,  between 
which  lay  long  flattened  nuclei.  These  were  few  in  number, 
except  in  the  neighbourhood  of  the  acini,  where  in  many  parts 
a  distinct  small-celled  infiltration  had  occurred.  The  general 
features  are  well  shown  in  fig.  2.     Under  a  higher  power  it  was 
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seen  that  in  many  of  the  larger  acini,  active  cell-proliferation 
was  going  on,  taking  in  many  cases  the  form  of  epithelial 
ingrowths.  These,  it  could  be  seen,  consisted  at  first  merely  of 
a  heaping  up  and  protrusion  into  the  lumen  of  the  growing 
lining  epithelium,  which  at  the  same  time  lost,  except  near  the 
basement  membrane,  its  columnar  type.  In  a  more  advanced 
stage  it  was  seen  that  a  fine  core  of  delicate  connective  tissue 
was  now  projected  into  the  mass  of  proliferating  cells,  thus 
forming  a  distinct  papillary  ingrowth,  so  that  the  lumen  of  some 
of  these  distended  acini  was  almost  obliterated  by  the  intra- 
acinous  growths.  These  stages  of  formation  are  illustrated  in 
fig.  3.  The  drawing  also  shows  in  the  neighbourhood  of  the 
acini  the  more  cellular  type  of  the  stroma  and  the  small-celled 
infiltration  which  surrounded  many  of  them.  These  cells  were 
embryonic  in  type,  and  were  either  proliferating  tissue  cells  or 
an  exudation  from  the  blood-vessels.  I  incline  to  the  former 
view,  although  in  some  places  they  seemed  to  bear  a  definite 
relation  to  the  vessels,  as  in  fig.  3 ;  but  in  no  place  were  they 
sufficiently  numerous  to  justify  the  view  that  any  sarcomatous 
development  was  in  process.  Further,  in  no  place  could  the 
evident  epithelial  proliferation  be  found  to  transgress  the  limits 
of  the  basement  membrane,  it  was  always  intra-acinous,  so  that 
in  no  part  did  the  growth  show  the  characters  of  an  infiltrating, 
or  "  destructive  "  {destrwirendes)  adenoma. 

Based  on  their  microscopic  characters  therefore,  from  the 
relative  amount  of  fibrous  stroma  and  glandular  tissue,  these 
tumours  must  be  classed  as  fibro-adenomata.  They  difler  fix)m 
the  tribe  or  simple  adenoma  met  with  in  the  breast  and  repre- 
sented in  fig.  4,  by  the  relatively  greater  proportion  of  fibrous  to 
glandular  tissue,  and  also  by  the  character  of  the  inter-acinous 
stroma.  This  in  the  true  adenoma  is  an  excessively  delicate 
tissue  composed  of  a  network  of  branching,  stellate  cells,  and  of 
cells  with  oval,  vesicular  nuclei  lying  between  these  fine  fibres. 
In  this  pure  form,  adenoma  is  one  of  the  rarest  of  breast  tumours, 
the  majority  of  cases  conforming  to  a  fibro-adenomatous  type.^ 
The  two  growths  which  are  recorded  above  are  interesting  again 

^  The  tumour  represented  in  fig.  5  was  removed  from  the  breast  of  a  young 
unmarried  girl.  It  is  the  only  example  of  pure  adenoma  of  the  breast  I  have  met 
with. 
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as  presenting  an  intermediate  stage  between  the  simple  adenoma 
and  the  proliferating  cystic  adenoma  which  occurs  in  the  breast, 
but  is  more  commonly  met  with  in  the  ovary.  I  have  given  a 
drawing  of  this  condition  for  comparison  in  fig.  5.  It  was  re- 
moved from  the  breast  of  a  woman  aged  50.  Here  with  marked 
dilatation  of  the  acini  and  secondary  disappearance  of  the  in- 
tervening stroma,  we  have  well-marked  papillary  intra-cystic 
growths,  such  as  are  so  frequent  in  the  cystadenoma  papilliferum 
of  the  ovary.  But  the  sequence  shown  in  these  drawings  proves 
most  conclusively  the  identity  of  the  process,  and  is  most  in- 
structive in  the  light  it  throws  on  the  successive  stages.  As 
long  as  the  epithelial  proliferation  remains  intra-cystic,  we  have 
the  comparatively  benign  proliferating  cystic  adenoma ;  but^  if 
the  epithelial  development  becomes  extra-cystic,  and  crossing 
the  basement  membrane  runs  riot  in  the  inter-acinous  stroma, 
then  we  have,  on  the  other  hand,  the  infiltrating  adenoma,  or 
early  stage  of  the  adeno-carcinoma,  with  its  rapid  local 
malignancy  and  distant  metastatic  deposits. 

The  rarity  of  such  adenomatous  tumours  even  in  early  adult 
life  is  well  recognised.  Gross  analyses  23  examples  of  these 
growths :  only  4  occurred  between  the  tenth  and  the  twentieth 
year ;  6  between  the  twentieth  and  thirtieth,  a  proportion  which 
holds  almost  constant  up  to  the  fiftieth  year,  after  which  age 
only  two  cases  are  included.  "Of  the  entire  number  not  a 
single  one  occurred  before  the  sixteenth  year,  or  daring  the 
developmental  state  of  the  mamma;  16,  or  69*5  per  cent., 
appeared  previous  to  the  fortieth  year,  or  during  the  period  of 
the  greatest  functional  activity  of  the  breast."  ^  Of  65  cases 
observed  by  Velpeau,  only  8  occmTcd  between  the  ages  of  15 
and  20,  and  not  a  single  one  before  the  fifteenth  year ;  and  of 
130  other  cases  collected  by  him,  35  occurred  between  the  ages  of 
15  and  30,  but,  again,  none  earlier  than  the  fifteenth  year.* 
'*  These  '  adeno-fibromata,' "  writes  Mr  Bryant,  "  are  found,  as 
a  rule,  in  the  young  and  unmarried,  and  in  the  apparently 
healthy  and  robust. In  women  the  majority  of  these 

1  Gross,  art.  "Tumouis  of  the  Breast,"  Amer.  Syst.  of  Oynecol  and  ObsUt., 
vol.  ii.  p.  266,  Edinburgh,  1888. 

'^Nauv.  Did.  de  Mid,  et  de  Chir.  Prat.,  tome  xxi.,  art.  "Mamelles,"  Paris, 
1875. 
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cases  begin  to  grow,  or  are  first  discovered,  between  the  ages  of 
21  and  30,  although,  as  shown  by  my  table,  almost  as  many  begin 
in  younger  people,  at  or  after  puberty ;  at  later  periods  of  life 
they  less  frequently  originate,  although  they  may  be  frequentlj' 
found  to  exist  in  them."  ^  Mr  Bryant  gives  the  results  of  **  100 
cases  consecutively  observed,  seen,  and  analysed,"  and  of  these 
"  27  cases  were  first  discovered  between  puberty  and  the  age  of 
20,  that  is,  during  the  developmental  stage  of  the  breast's  life ;  ** 
but  not  one  of  these  cases  occurred  under  puberty,  and  no  men- 
tion is  made  of  any  such  case  being  on  record.  Indeed,  it  would 
appear  from  the  literature  of  the  subject  that  a  groivth  of  any 
kind  in  the  breast  before  its  period  of  development  or  of 
functional  activity  has  been  hitherto  undescribed.  Sir  James 
Paget  writing  of  "  mammary  glandular  tumours  "  and  their  rate 
of  growth,  says : — "  One  was  removed  from  a  woman  twenty-seven 
years  old ;  it  was  observed  for  fourteen  yearsC,  and  in  all  that 
time  it  scarcely  enlarged ;  yet  after  this  it  grew  so  rapidly,  that 
in  six  months  it  was  thought  imprudent  to  delay  the  removal."  * 
This,  if  the  dates  are  reliable,  would  place  its  development  fix)m 
the  fourteenth  year,  and  is  the  earliest  example  I  can  find 
recorded. 

One  point  of  peculiar  interest  in  my  second  case  is  the 
entire  absence  of  any  trace  of  glandular  development  on  the 
healthy  side.  But  that  an  adenoma  should  occur  before  the 
secreting  tissue  of  the  breast  has  shown  signs  of  development  is,, 
however,  no  more  remarkable  than  that  such  a  growth  should 
form  after  the  gland  has  ceased  to  be  functionally  active,  and 
has  under  natural  conditions  undergone  fibrous  atrophy.  Yet 
Velpeau  records  a  case  occurring  in  a  woman  aged  85 !  The 
occurrence  of  these  tumours  at  the  extremes  of  life  must  there- 
fore, I  think,  be  explained  by  a  common  theory ;  and  to  such  a 
theory  a  leading  pathologist  has  already  given  expression. 
Writing  of  the  occurrence  of  adenomata  in  general,  and  the 
absence  of  any  special  age  liability — in  so  far  as  such  growths 
have  been  observed  to  occur  congenitally  or  in  the  earliest  years 
of  life  as  well  as  in  extreme  old  age — Birch-Hirschfeld  remarks : — 
"  It  is,  however,  probable  that  those  glandular  tumours  which 

^  Diseases  of  the  Breast,  p.  102,  London,  1887. 

2  Lectures  on  Surrt,  Pathology,  4th  ed.,  p.  660,  London,  1876. 
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first  become  apparent  in  later  life  are  in  reality  the  outcome  of 
embryonic  rudiments."  ^  Whatever  hght  the  future  may  throw 
on  the  origin  of  heteroblastic  growths  at  all  periods  of  life,  we 
must  be  content  for  the  present  to  let  the  question  lie  enveloped 
in  the  same  darkness  that  surrounds  many  other  problems  of 
the  pathology  of  to-day,  if  we  decline  to  accept  the  only  alter- 
native— the  theory  of  "  embryonic  rudimenta" 

^  Eulenburg's  Real-EncyelopadU  der  gesam,  HeUkwnde,  toI.  L,  art.  "  Adenom  ' 


THE  SECTIONAL  ANATOMY  OF  AN  ANENCEPHALIC 
FCETUS.  By  J.  W.  Ballantyne,  M.D.,  F.R.C.P.E., 
F.R.S.E.,  Lectv/rer  on  Diseases  of  Infancy  and  Childhood, 
Minto  House  School  of  Medicine,  Edinburgh. 

The  external  appearances  of  the  anencephalic  foetus  are  such 
as  to  suggest  a  disturbance  of  the  relations  of  the  internal 
organs  to  each  other  and  to  the  vertebral  column,  and  it  was 
with  a  view  to  the  demonstration  of  what  these  changed  rela- 
tions were  that  I  examined  one  specimen  of  anencephaly  by  the 
frozen  sectional  method.  The  foetus  chosen  for  the  purpose  of 
this  investigation  was  one  sent  to  Prof.  A«  B.  Simpson  by  Dr 
Miller  of  Sunderland,  and  I  have  to  thank  Dr  Simpson  for 
permission  to  examine  it. 

The  Clinical  History  of  the  case  may  be  given  in  Dr  Miller's  own 
words : — "  In  April  1888,  the  mother  gave  birth  to  an  anence- 
phalic foetus.  There  was  large  excess  of  the  liquor  amnii,  and  the 
labour  was  very  tedious.  The  mother  on  this  occasion  attributed 
the  deformity  to  a  fright  received  whilst  carrying  the  child.  She 
states  that  she  has  a  great  horror  of  frogs,  and  that  whilst  walking 
in  the  country  a  friend  took  up  a  dead  frog  and  threw  it  at  her.  On 
her  telling  this  to  the  nurse,  she  confirmed  her  in  her  opinion  by 
saying  that  the  child  had  the  appearance  of  a  frog.  Six  weeks  after 
the  birth  of  this  child  she  menstruated  slightly ;  she  then  became 
pregnant  again,  and  expected  the  child  about  the  beginning  of  March 
1889.  However,  on  January  27th,  I  was  called  to  see  her,  and 
found  her  in  labour,  the  os  uteri  being  about  the  size  of  a  half- 
crown  piece.  I  waited  till  the  os  was  largely  dilated,  and  then 
ruptured  the  membranes,  after  which  there  was  a  tremendous  gush  of 
waters.  Two  or  three  pains  now  served  to  expel  the  child  which 
proved  to  be  anencephalic  like  the  former  one.''  Her  husband, 
whose  second  wife  she  was,  had  had  by  his  first  wife  a  child  that 
died  of  hydrocephalus,  and  another  that  succumbed  to  spinal  disease. 

The  interesting  facts  about  the  clinical  history  were  (1)  that  the 
mother  gave  birth  to  two  anencephalic  foetuses  in  succession;  (2) 
that  there  was  hydramnios  in  both  cases ;  and  (3)  that  the  husband 
had  had  by  a  previous  wife  two  children,  one  of  whom  died  of 
hydrocephalus  and  the  other  of  spinal  disease.  This  last-named 
fact  is  no  doubt  of  far  greater  etiological  value  than  the  alleged 
maternal  impression,  for  it  would  seem  to  show  that  the  father  in  this 
particular  instance  had  a  tendency  to  procreate  infants    with  a 
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morbid  cerebro-spinal  system ;  and  the  history  of  the  birth  of  a  child 
with  hydrocephcJus  assumes  some  importance  when  it  is  borne  in 
mind  that  anencephaly  is  by  many  considered  as  due  to  an  early 
foetal  hydrocephalic  condition. 

The  anencephalic  eight  months'  foetus,  which  was  a  female,  was 
placed  in  the  freezing  mixture  in  the  dorsal  posture,  with  the  thighs 
partially  flexed  on  the  abdomen  and  the  arms  lying  by  the  sides. 
When  frozen,  a  vertical  mesial  section  of  the  head  and  trunk  was 
made,  a  transverse  one  of  the  right  half  of  the  trunk  at  the  level  of 
the  second  lumbar  vertebra,  and  several  sections  of  the  joints  and  of 
the  feet.  The  appearances  seen  on  section  were  traced  and  then 
drawn,  and  from  their  study,  and  from  such  further  dissection  as  was 
required,  the  anatomical  peculiarities  of  this  foBtus  were  arrived  at. 

External  Appearances. — The  foetus,  a  female,  measured  38 
cm.  from  head  to  heel,  and  the  trunk  alone  was  23  cm.  in 
length.  The  head  measured  in  what  may  be  called  the 
diameter  occipito-frontalis  5'5  cm.,  and  in  the  diameter  occipito- 
mentalis  6'8  cm.  The  transverse  diameter  both  in  front  of  and 
behind  the  ears  was  6  cm.  The  transverse  measurement  of  the 
&ce  between  the  malar  bones  was  5*5  cm.,  and  the  vertical  or 
fronto-mental  was  6  cm.  The  transverse  diameter  of  the 
shoulders  measured  very  nearly  4  cm.  The  shortness  of  the 
foetus  and  of  its  head  diameters  was,  of  course,  due  to  the 
peculiar  malformation  of  the  cranium. 

The  monstrous  appearance  was  caused  by  the  absence  of  the 
cranial  vault  and  brain  and  by  the  existence  of  a  well-marked 
spina  bifida  in  the  cervical  region.  The  head  seemed  to  spring 
directly  from  the  shoulders,  giving  to  the  foetus  a  neckless 
appearance ;  the  face  was  broad,  in  comparison  with  the  head ; 
the  mouth  was  slightly  open,  and  the  nose  was  broad  ;  the  eyes 
were  prominent,  half  open,  and  the  eyelids  were  thick  and 
oedematous-looking ;  and  the  ears  had  a  twisted  and  deformed 
appearance,  and  rested  on  the  shoulders,  lying  in  the  same  trans- 
verse plane  as  the  eyes.  The  vault  of  the  cranium  was  entirely 
absent  and  the  basis  cranii,  covered  by  a  reddish  mass  of  fibres 
and  blood  clot,  was  exposed  to  view.  A  large  space  was  thus 
left  on  the  top  of  the  head,  which  was  continuous  with  the 
spina  bifida  in  the  cervical  region,  and  was  surrounded  at  its 
margin  by  the  skin,  which  carried  a  few  scattered  hairs.  The 
forehead  could  not  be  said  to  exist,  for  the  eyes  and  root  of  the 
nose  formed  the  upper  limit  of  the  anterior  part  of  the  head. 
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The  shoulders  appeared  relatively  broad  in  comparisoo  with  the 
«mall  deformed  head.  The  rest  of  the  body  was  well  formed, 
and,  as  is  common  in  this  variety  of  malformation,  there  waa  a 
i-elatively  large  amount  of  subcutaneous  fat.  The  skin  surface 
had  a  bright  pink  colour.  The  insertion  of  the  stump  of  the 
umbilical  cord  into  the  anterior  abdominal  wall  was  situated  4 
cm.  above  the  symphysis  pubis  and  6  cm.  below  the  tip  of  the 


Fio.  1, — Vertical  M«au>l  Section  of  Head  and  Tninlc  of  Anencephalic  Fiettu,  left 
face  shown  (}  nsL  sue).  A,  booeg  fused  together  fonuing  basis  cranii ;  B, 
spina  bifida;  C,  ITth  cerTical  vertebra;  D,  hyoid  bone;  E,  cricoid;  F, 
thyroid  gland;  O,  thTinns;  H,  heart;  I,  liver;  K,  lobos  ipigelii;  L, 
p;lorns  ;  M,  tntnsrerse  colon ;  N,  third  part  of  dnodcimm  ;  O,  secood  lumbar 
vertebra;  F,  cesophsgua ;  Q,  aorta ;  R,  right  pulmonar;  arterj ;  9,  trachea. 

ensifoi-m  cartilage.  No  examination  of  the  placenta,  membranes, 
or  cord  was  possible,  as  these  structures  had  unfortunately  been 
destroyed  at  the  time  of  birth. 
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From  the  external  appearances  it  was  evident  that  the 
specimen  was  one  of  anencephaly,  and  that  it  was  of  the  deren- 
cephalic  variety  of  Saint-Hilaire ;  for,  whilst  there  was  both 
absence  of  the  cranial  vault  and  spina  bifida,  the  latter  condition 
affected  only  the  cervical  region. 

JRegional  Anatomy. — From  a  study  of  the  frozen  sections 
and  from  some  further  dissection,  it  was  possible  to  investigate 
the  regional  anatomy  of  this  foetus.  Unfortunately,  the  vertical 
mesial  section  had  not  followed  exactly  the  middle  line  of  the 
body  ;  it  had  deviated  slightly  to  the  right  in  the  region  of  the 
face  and  to  the  left  in  the  lower  dorsal,  lumbar,  and  sacro- 
coccygeal regions.  This  must  be  borne  in  mind  in  referring  to 
the  accompanying  illustrations  (figs.  1  and  2). 

ITie  Region  of  the  Head. — In  this  region  were  found  the  most 
marked  abnormalitiea  As  may  be  seen  from  the  sagittal  section, 
there  was  a  complete  absence  of  cerebrum  and  cerebellum  along 
with  the  bones  which  normally  roof  in  the  cranial  cavity.  In 
the  middle  line  could  be  seen  the  base  of  the  cranium,  lying 
almost  entirely  in  the  same  plane,  composed  partly  of  bone  and 
partly,  but  to  a  small  extent  only,  of  cartilage,  and  showing  an 
irregular  arrangement  of  parts.  Posteriorly,  there  was  no  trace 
of  the  foramen  magnum ;  what  appears  to  be  the  basi-occiput 
terminated  abruptly,  and  was  in  immediate  contact  inferiorly 
with  the  altered  odontoid  process.  Anteriorly,  the  basi-occiput 
appeared  to  be  fused  with  the  body  of  the  sphenoid,  which  did 
not  show  any  indication  of  the  plate  of  cartilage  which  normally 
exists  between  the  basi-  and  pre-sphenoid  (fig.  1,  A).  The 
sphenoid  had  lying  in  front  of  it  the  cartilaginous  ethmoid.  On 
the  altered  basis  cranii  lay  a  mass  of  blood  clot,  rendered  spongy 
by  numerous  fibres  which  traverse  it,  and  covered  by  a  mem- 
brane which  was  continuous  with  that  closing  in  the  cervical  spina 
bifida,  and  which  was  firmly  attached  to  the  margins  of  the  bones 
which  formed  the  boundaries  of  the  area  on  the  upper  sur£Eice 
of  the  head.  In  the  region  of  the  face,  as  seen  in  the  section, 
the  tongue  was  seen  lying  in  close  contact  with  the  roof  of  the 
mouth,  dental  germs  were  present  in  the  upper  and  lower  jaw, 
and  the  buccal  cavity  became  continuous  with  the  pharyngeal 
at  the  level  of  the  fifth  cervical  vertebra. 

The  further  dissection  of  the  head  revealed  the  following 
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fiicts : — ^The  nasal  spine  and  posterior  part  of  the  orbital  plate  of 
the  frontal  were  the  parts  of  that  bone  which  were  present  It 
articulated  with  the  nasal  bone,  with  the  lachrymal,  with  the 
ethmoid,  and  with  the  pre-sphenoid  and  its  great  wing  on  that 
side.  The  external  angular  process  of  the  frontal  articulated 
with  the  zygomatic  process  of  the  temporal.  The  nasal  bones 
were  abncMmally  laige  and  well  ossified.  The  malar  bones  were 
also  large,  and  each  articulated  with  the  external  angular  process 
of  the  frontal  and  with  the  great  wing  ot  the  sphen<Md,  bat  not 
directly  with  the  zygoma  of  the  temporal  bone.  The  petrous, 
mastoid,  and  zygomatic  parts  of  the  temporal  were  present,  but 
the  squamous  part  and  the  annulus  tympanicus  were  entirely 
wanting.  The  zygoma  articulated,  as  has  been  said,  with  what 
may  be  looked  upon  as  the  external  angular  process  of  the 
frontal  The  inner  end  of  the  petrous  part  was  fused  with  the 
sphenoid,  and  thus,  together  with  the  basi-occiput,  formed  a  large 
keystone  in  the  centre  of  the  base  of  the  cranium.  There  was 
no  condyle  on  the  petrous  part  of  the  temporal  for  articulation 
with  the  lower  jaw.  In  its  place  was  found  a  small  spine,  which 
projected  between  the  coronoid  process  of  the  lower  jaw  and  a 
projection  representing  the  neck  of  that  bone  below  the  condyle, 
for  the  mandibular  condyle  was  absent  Above  and  behind  the 
odontoid  process  of  the  axis  was  a  small  fragment  of  bone,  which 
might  represent  a  part  of  the  basi-  or  supra-occiput  displaced 
downwards,  or  might  be  the  dislocated  ring  of  the  atlas.  The  ex- 
occipitals  articulated  with  the  transverse  processes  of  the  atlas, 
which  were  long  and  well  ossified  The  supra-occiput  seemed 
entirely  wanting.  The  basi-occiput  was  present,  and  has  been 
already  mentioned.  There  was  no  trace  of  the  parietal  bones. 
The  great  wings  of  the  sphenoid,  as  well  as  the  pre-  and  post- 
sphenoid,  were  present ;  but  the  small  wings  were  either  absent 
or  fused  with  surrounding  parts,  perhaps  with  the  orbital  plate 
of  the  frontal ;  one  very  crooked  pterygoid  process  was  present 
on  each  side.  The  ethmoid  was  entirely  cartilaginous.  The 
superior  maxilla  contained  the  dental  germs  of  two  incisor,  one 
canine,  and  three  molar  teeth.  The  inferior  maxilla  was  well 
ossified,  and  showed  a  peculiar  bony  ledge  projecting  anteriorly 
below  the  symphysis  mentL  The  coronoid  processes  were 
present,  but  the  condyles  were  absent     It  is  evident  that  the 
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boaes  which  were  wanting  in  thia  case  were  almosD  exactly  those 
developed  in  membrane ;  the  booes  of  the  base  which  are  pre- 
formed in  cartilage,  and  those  of  the  face,  were  practically  all 
present,  although  some  of  them  were  deformed. 

The  Vertebral  Column  (figs.  1  and  2). — All  the  vertebne 
were  represented,  although  the  upper  cervical  were  manifestly 
imperfect.     The  anterior  part  of  the  ring  of  the  atlas  may  be 


Fic.  2. — Vertical  HesUl  Section  of  Peine  Begion  in  Aneacepbalic  Fretiu,  right 
lace  shown  (uat  size).  A,  fifth  lonibar  vertebra;  B,  rectum,  first  pxrt ; 
C,  rectiun,  second  part ;  D,  coccyx  ;  E,  uterus  ;  F,  bladder ;  G,  vagioa  ; 
H,  sympbjBis  pubis ;  I,  clitoris ;  K,  left  labium  minus  ;  L,  right  labium. 

fused  with  the  odontoid  process  or  with  the  basi-occiput,  whilst 
the  posterior  part  of  the  ring  may  be  represented  by  the 
fragment  of  bone  lying  behind  and  above  the  upper  end  of  the 
spine.  The  total  iength  of  the  vertebral  colunm  was  21  cm.; 
the  cervical  region  measured  3'7  cm.,  the  dorsal  8'3  cm.,  the 
lumbar  4'5  cm.,  and  the  sacro-coccygeal  4'5  cm.  in  length. 
With  regard  to  its  curves,  the  spine  showed  a  distinct  con- 
vexity forwards  in  the  lumbar  region,  a  concavity  anteriorly  in 
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the  dorsal  region  and  the  usual  projection  of  the  promontory  of 
the  sacrum,  and  the  slightly-marked  sacro-coccygeal  curve.  The 
dorsal  and  lumbar  curves  were  probably  due  to  the  position  in 
which  the  body  was  placed  during  freezing,  but  in  the  cervical 
region  was  a  state  of  affairs  which  could  not  thus  be  explained. 
The  cervical  part  of  the  spine  was  curved  backwards,  so  as  to 
develop  a  marked  anterior  convexity,  and  this  existed  notwith- 
standing the  fact  that  the  chin  of  the  child  was  in  close  and 
permanent  contact  with  the  thorax.  This  fact  serves  to  explain 
the  apparent  absence  of  a  neck  in  this  foetus ;  for  the  head, 
instead  of  being  articulated  with  the  apex  of  the  spine,  rather 
rested  upon  the  anterior  surface  of  the  first  three  or  four 
cervical  vertebral  bodies.  The  head  had,  as  it  were,  slipped 
down  in  front  of  the  upper  part  of  the  spinal  column. 

Since  the  above  described  arrangement  of  the  cervical  part  of 
the  spine  seemed  to  have  such  an  important  bearing  upon  the 
relation  of  parts  in  the  anencephalic  foetus,  I  was  anxious  to  find 
if  it  was  invariable  in  this  species  of  monstrosity.     So,  a  few 
weeks  ago,  when  another  specimen  of  anencephaly  came  into 
my  hands,  I  made  a  vertical  mesial  section  of  the  head  and 
neck  in  that  case  also.     In  it  (fig.  3)  a  different  arrangement 
of  parts  was  found  to  exist.     The  basis  cranii  (fig.  3,  A  and  B) 
did  not  run  so  nearly  horizontally  as  in  the  first ;  at  its  posterior 
end  it   bent  sharply  downwards,  so  that  the  basi-occiput  lay 
posterior  to  the  upper  cervical  vertebral  bodies.     The  cemcal 
region   of  the   spine  was  curved  with  an  anterior  concavity 
instead  of  a  convexity,  and  the  posterior  pait  of  the  base  of  the 
cranium  rested  on  the  posterior  instead  of  on  the  anterior 
surfiEkce  of  the  upper  part  of  the  spinal  column.    In  the  first 
specimen    a    considerable    interval    intervened    between    the 
anterior  aspect  of  the   cervical  spine  and  the  back  of  the 
pharynx ;  in  the  second  there  was  only  a  very  small  space  in  this 
position.    In  both  cases,  however,  the  neckless  appearance  was 
produced,  but  the  manner  of  production  was  different.    No 
doubt,  both  arrangements  exist  in  anencephalic  foetuses,  although 
which  is  the  more  common  I  do  not  know.    TarufB  {Storm 
deUa  Teratologiay  tomo  vL,  p.  104)  figures  a  case  in  which  the 
anterior  concavity  in  the  upper  cervical  region  was  even  more 
marked  than  in  the  instance  above  recorded. 
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To  returD  to  my  first  apecimeo,  the  ossificatioo  of  the  spine 
was  fouad  to  be  normal  in  all  the  regions  save  the  cervical, 
where  there  was  a  well-marked  spina  bifida  (fig.  1,  B).  Here 
the  apines  and  arches  of  the  four  first  cervical  vertebne  were 
absent,  or  rather  the  spines  were  absent,  and  the  arches  were 
flattened  out  so  as  to  pass  transversely,  leaving  a  wide  open 


Fio.  3. — Vertical  Ueiiml  Section  of  Head  of  second  specimen  of  Anencephalas 
(nat.  size),  rigtit  face  of  eectiou  ehawn.  A,  sphenoid  ;  B,  basi-occipnt ; 
C,  body  of  axis  vertebra  ;  D,  hyoid  bone ;  E,  thyroid  cartilage  ;  F,  eeptniu 
of  nose  ;  G,  Eastiichian  tube  ;  H,  tongue. 

space  covered  by  a  membraoe  continuous  with  that  on  the  basis 
cranii,  and  containing  blood  clot  through  which  fibrous  structures 
passed  up  to  be  inserted  into  the  covering  membrane.  In  the 
rest  of  its  extent  the  spinal  canal  was  closed  in  posteriorly ;  but 
it  seemed  to  be  unusually  large,  measuring  in  the  dorsal  region 
1  cm.  antero-posteriorly.  The  spinal  cord  was  present  in  a 
somewhat  shrunken  form  in  the  dorsal  and  lumbar  regions,  but 
in  the  cervical  only  the  spinal  membranes  were  seen. 

The  Segion  of  the  Neck. — The  reason  why  the  anencephalic 
f<£tus  appears  destitute  of  a  neck,  although  the  cervical  part  of 
the  spine  is  of  normal  length,  has  already  been  described.  The 
hyoid  bone  (fig.  1,  D)  lay  above  and  slightly  in  front  of  the 
thyroid  cartilage  of  the  larynx  at  the  level  of  the  7th  cervical 
vertebra;    it  was   situated   1*4   cm.   in    front    of    the   spinal 


524  DR  J.  W.  BALLANTYNE. 

column,  and  the  space  between  it  and  the  thyroid  cartilage 
measured  only  1  mm.  in  breadth.  (In  my  second  specimen  the 
hyoid  bone  (fig.  3,  D)  lay  opposite  the  3rd  cervical  body,  and 
nearly  2  cm.  in  front  of  the  vertebral  column.)  The  upper 
laryngeal  opening  covered  by  the  epiglottis  lay  at  the  level  of 
the  body  of  the  6th  cervical  vertebra,  and  the  larynx  extended 
vertically  from  this  point  to  the  lower  border  of  the  1st  dorsal 
vertebra,  a  distance  measuring  1*2  cm.  The  thjrToid  cartilage 
lay  opposite  to  the  disc  between  the  7th  cervical  and  the 
1st  dorsal  vertebra,  whilst  the  posterior  part  of  the  ring  of  the 
cricoid  lay  opposite  the  1st  dorsal  body  (fig.  1,  E).  The 
antero-posterior  diameter  of  the  larynx  was  6  mm.,  and  the 
lower  margin  of  the  cricoid  was  situated  8  mm.  above  the 
manubrium  stern  i. 

The  isthmus  of  the  thyroid  gland  (fig.  1,  F)  lay  in  front  of  the 
trachea,  at  the  level  of  the  disc  between  the  1st  and  2nd  dorsal 
vertebrae ;  it  corresponded  in  vertical  extent  to  the  1st,  2nd,  3rd, 
4th,  and  5th  rings  of  the  trachea.  The  upper  end  of  the 
trachea  lay  opposite  to  the  lower  border  of  the  1st  dorsal 
vertebra.  A  comparison  of  the  levels  occupied  by  the  structure 
in  the  neck  in  this  case,  and  in  a  normal  foetus,  reveals  an 
interesting  fact ;  all  the  parts  lie  at  a  lower  level  qrid  the  spine, 
in  this  anencephalic  foetus,  than  they  do  in  a  normal  case. 
The  hyoid  bone,  which  normally  lies  opposite  one  or  other  of 
the  upper  cervical  vertebra,  differing  according  to  the  position 
of  the  head,  lay  in  this  case  at  the  level  of  the  last  cervical 
body;  and,  in  a  similar  way,  the  larynx,  the  thyroid  gland 
isthmus,  and  the  upper  end  of  the  trachea,  were  all  two  or  three 
vertebral  bodies  below  their  normal  positions.  The  forepart  of 
the  head  had,  as  it  were,  sunk  down  in  front  of  the  cervical  part 
of  the  spine. 

The  Region  of  the  Thcymx. — The  sternum  had  two  ossific 
centres,  one  in  the  manubrium  and  one  in  the  body  of  the 
bone;  it  measured  4'8  cm.  in  length,  and  it  was  slightly 
curved  with  a  posterior  concavity.  The  central  tendon  of  the 
diaphragm  lay  at  the  level  of  the  8th  dorsal  vertebra.  The 
vertical  diameter  of  the  thoracic  cavity  in  the  middle  line,  from 
the  upper  border  of  the  manubrium  sterni  to  that  of  the  central 
tendon  of   the  diaphragm,  was  3*4  cm.     The  antero-posterior 
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diameter  at  the  level  of  the  3rd  dorsal  vertebra  was  2  cm. ;  at 
the  level  of  the  4th,  25  cm. ;  at  that  of  the  5th,  3*5  cm. ;  at 
that  of  the  6th,  4  cm. ;  and  at  that  of  the  7th,  4*3  cm. 

The  trachea  (fig.  1,  S)  extended  from  the  level  of  the  lower 
border  of  the  1st  dorsal  vertebra  to  that  of  the  middle  of  the 
body  of  the  5th  dorsal,  where  it  bifurcated ;  it  had  a  vertical 
measurement  of  4*4  cm.,  and  an  antero-posterior  diameter  of 
from  1  to  2  mm.  The  upper  border  of  the  manubrium  sterni 
lay  opposite  to  the  upper  margin  of  the  3rd  dorsal  vertebra, 
and  at  the  level  of  the  8th  tracheal  ring.  In  the  sagittal 
section  the  heart  (fig.  1,  H)  was  divided,  the  cavities  of  the 
right  and  left  auricles  being  opened  into,  and  the  tricuspid 
valve  guarding,  the  opening  into  the  right  ventricle  was  seen. 
The  valves  and  apertures  of  the  heart  were  in  the  condition  in 
which  they  are  found  normally  in  a  foetus  of  this  age.  In 
vertical  extent,  this  organ  corresponded  to  the  5th,  6th,  7th,  and 
8  th  dorsal  vertebrse,  and  it  was  seen  to  be  tilted  upwards  in 
front,  so  that  its  apex  corresponded  to  the  disc  between  the  7th 
and  8th  dorsal  vertebrsB.  The  foramen  ovale  lay  at  the  level  of 
the  body  of  the  7th  dorsal  vertebra. 

The  thymus  gland  (fig.  1,  G),  lying  in  front  of  the  heart 
and  pericardium,  extended  vertically  from  the  level  of  the  2nd 
to  that  of  the  lower  border  of  the  5th  dorsal  vertebra,  a  distance 
of  2'3  cm.  Its  antero-posterior  diameter  superiorly  measured 
1'5  cm.,  and  it  tapered  to  a  point  inferiorly.  It  had  a  some- 
what triangular  shape  as  seen  in  section,  and  at  its  base  it  came 
in  contact  with  the  left  innominate  vein,  the  trachea,  and  the 
thyroid  isthmus  in  the  middle  line.  The  lungs  were  not  visible 
in  the  mesial  section,  but  dissection  revealed  them  Ijdng  at  the 
back  of  the  thorax,  unexpanded  and  small  in  size.  The  aorta 
was  seen  in  the  section  near  its  origin  from  the  left  ventricle  at 
the  level  of  the  5  th  dorsal  vertebra,  and  again  in  the  descending 
part  of  its  course  at  the  level  of  the  6th,  7th,  8th,  and  9th 
dorsal  vertebrae.  At  the  level  of  the  last-named  bone  it  passed 
through  the  hiatus  aorticus  into  the  abdomen.  The  ductus 
arteriosus  uniting  the  pulmonary  artery  and  die  aorta  was 
widely  patent  The  left  innominate  vein  crossed  the  middle 
line  at  the  level  of  the  upper  border  of  the  3rd  dorsal  vertebra. 

With  regard  to  the  relations  of  the  parts  in  the  region  of  the 
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thorax,  it  was  seen  that  the  thymus  gland,  the  trachea,  the  left 
innomiDate  vein,  and  the  manubrium  sterni  were  all  situated  at 
a  lower  level  than  is  found  in  the  normal  foetus;  but  the 
central  tendon  of  the  diaphragm  lay  nearly  ab  the  same  level 
with  regard  to  the  spine,  and  the  heart  in  its  vertical  extent 
was  not  far  from  the  normal.  The  upper  limit  of  the  heart 
corresponded  to  the  5th  and  the  lower  to  the  8th  dorsal 
vertebra,  and  these  are  its  normal  relations  in  still-bom  foetuses. 
Now,  since  the  organs  in  the  upper  part  of  the  thorax  are  at  a 
lower  level,  qiid  the  vertebral  column,  than  is  normal,  and  since 
the  heart  is  practically  in  its  normal  position  in  this  respect,  it 
follows  either  that  the  organs  were  smaller  or  that  the  thoracic 
cavity  was  larger  in  an  antero-posterior  or  in  a  transverse 
direction  (for  it  was  really  smaller  in  the  vertical  direction,  as 
has  been  shown).  On  examination  it  was  found  that  the  organs 
were  not  relatively  small ;  and,  with  regard  to  the  size  of  the 
thoracic  cavity,  it  was  discovered  that,  instead  of  the  vertical 
diameter  in  the  middle  line  being  slightly  greater  than  the 
antero-posterior  (as  it  is  in  the  normal  foetus),  it  was  distinctly 
less.  The  conclusion  could,  therefore,  be  drawn  that  room  had 
been  found  for  the  thoracic  viscera  by  a  bulging  forward  of  the 
anterior  thoracic  wall;  and,  since  the  transverse  diameter  of  the 
interior  of  the  thorax  was  twice  the  length  of  the  antero- 
posterior, it  is  probable  that  further  space  for  the  accommoda- 
tion of  the  organs  was  thus  made  available. 

The  Begion  of  the  Abdomen. — In  the  abdominal  region  the 
section  passed  slightly  to  the  left  of  the  middle  line,  and  there- 
fore the  parts  were  not  divided  exactly  mesialiy.  The  liver 
(fig.  1,  I),  as  is  always  the  case  in  the  foetus,  was  a  very 
prominent  organ.  In  vertical  extent  it  corresponded  (in  the 
middle  line)  to  the  bodies  of  the  9th,  10th,  11th,  and  12th 
dorsal,  and  Ist  and  2nd  lumbar  vertebrse,  and  it  was  normal  in 
this  respect  The  greatest  vertical  hepatic  diameter  was  5*2 
cm.,  and  the  antero-posterior  diameter  at  the  level  of  the  11th 
dorsal  vertebra  was  3*4  cm. ;  both  these  measurements  were 
made  in  the  middle  line  <^  the  body.  In  form  the  liver  was 
nearly  normal,  the  only  peculiarity  being  that  the  left  lobe 
was  somewhat  larger  than  it  usually  is  in  the  eight  months  foetus. 
The  stomach  had  a  somewhat  narrow  tubular  form,  and  lay 
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Dearly  vertically  in  the  abdomen  on  the  left  side  of  the  apine, 
opposite  to  the  9th,  10th,  11th,  and  12th  dorsal  vertebrae.  The 
duodenum  (fig.  1,  L)  crossed  the  middle  line  at  the  level  of 
the  disc  between  the  Ist  and  2nd  lumbar  vertebrae.  The 
umbilical  cord  was  inserted  into  the  anterior  abdominal  wall  at 
the  level  of  the  5th  lumbar  vertebra. 

The  pancreas  corresponded  in  vertical  extent  with  the  body 
of  the  Ist  and  the  upper  half  of  the  body  of  the  2nd  lumbar 
vertebra.     It  was  at  first  thought  that  the  spleen  was  absent  in 
this  case,  but  on  dissection  it  was  found  packed  in  alongside  of 
the  vertebral  column,  immediately  under  cover  of  the  diaphragm ; 
it  was  very  small,  measuring  only  about  2  cm.  in  length.     On 
account  of  its  small  size  and  its  position,  it  did  not  possess  the 
same  relations  to  the  colon,  liver,  and  stomach  as  in  the  normal 
foetus.    With  regard   to  the  small  intestine,  the  duodenum 
crossed  from  left  to  right  at  the  level  of  the  disc  between  the 
1st  and   2nd  lumbar  vertebrae,  and  its  third  part  (fig.  1,  N) 
recrossed  the  middle  line  at  the  level  of  the  3rd  lumbar  body. 
The  coils  of  the  jejunum  and  ileum  were  found  occupying  the 
abdominal  cavity  at  the  level  of  the  3rd,  4th,  and  5th  lumbar 
and  Ist  sacral  vertebrae.    The  csecum  and  ascending  colon  were 
not  absolutely  normal  in  position ;  the  former  lay  a  little  above 
and  internal  to  its  usual  site  in  the  left  iliac  region,  and  the 
latter  ascended  to  the  neighbourhood  of  the  gall  bladder,  where 
it  formed  a  feebly-marked  hepatic  flexure,  and  became  con- 
tinuous with  the  transverse  colon.     The  ascending  and  the 
transverse  colon  were  both  greatly  distended  with  meconium, 
and  the  latter  (fig.  1,  M)  had  a  somewhat  unusual  arrange- 
ment, due  in  all  probability  to  the  absence  of  the  left  kidney 
and   to  the  large  size   of    the  left  lobe  of    the  liver.     The 
transverse  colon  passed  to  the  left  along  the  under  surface  of 
the  quadrate  lobe  of  the  liver,  then  it  turned  downwards  in 
the  abdomen,  formed  a  loop,  and  then  turned  sharply  upwards, 
passing  to  the  under  surface  of  the  left  hepatic  lobe,  where  it 
formed  the  splenic  flexure.    From  this  point  the  descending 
colon  passed  downwMds  as  a  narrow* tubeyoontcdmng  little  orno 
meconium,  in  close- contact  with  the  leftside  of  the  vertebral 
column  and  firmly  attached,  to  become  oontlnaous  with  the 
sigmoid  flexure^    The  sigmoid  flexure,  in  marked  contrast  to 
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the  desceading  colon,  was  filled  with  meconium,  and  was  of 
large  size ;  it  made  a  marked  bend  at  the  level  of  the  5th  lumbar 
vertebra,  and  became  continuous  with  the  rectum,  which  was, 
like  it,  greatly  distended  with  meconium.  The  descending 
colon  was,  on  account  of  the  narrowness  of  its  lumen,  in  marked 
contrast  with  the  other  parts  of  the  large  intestiue,  which  were 
all  over-filled  with  meconium.  There  was  neither  kidney  nor 
supra-renal  capsule  on  the  left  side  of  the  middle  line;  but 
on  the  right  side  they  were  both  present,  were  normal  in 
position,  and  did  not  appear  to  be  of  greater  size  than  usual. 

The  bladder  (fig.  2,  F)  was,  as  is  usual  in  the  foetus,  almost 
entirely  an  abdominal  organ.  Its  cavity  had  an  elongated  oval 
shape,  with  its  long  axis  running  almost  vertically.  In  an 
antero-posterior  direction  its  cavity  measured  1*5  cm.,  and 
vertically  it  had  a  diameter  of  3  cul  It  contained  a  few  drops 
of  clear  urine. 

The  Region  of  the  Pdvis  (fig.  2). — Lying  behind  the 
bladder,  and  moulded  to  its  posterior  wall,  was  the  uterus  (fig. 
2,  E),  which  lay  partly  above  and  partly  below  the  plane  of  the 
brim.  The  vagina  (fig.  2,  G)  passed  almost  directly  down- 
wards, having  only  a  slight  inclination  forwards  at  its  lower  end. 
The  ovaries  and  tubes  were  normal.  The  antero-posterior 
diameter  of  the  pelvic  brim,  from  sacral  promontory  to  upper 
border  of  symphysis  pubis,  measured  3  cm.  The  rectum  (fig. 
2,  B  and  C),  distended  with  meconium,  occupied  a  large  portion 
of  the  pelvis ;  it  made  one  bend  upon  itself  opposite  to  the  3rd 
sacral  vertebra. 

The  Extremities, — The  limbs  were  well  formed.  In  the 
lower  end  of  the  femur  was  an  ossific  nucleus,  from  1  to  2  mm. 
in  diameter.  There  was  a  large  amount  of  fat  in  the  knee-joint, 
the  inf  ra-patellar  pad  was  of  considerable  size ;  there  was  also  a 
pad  between  the  condyles,  and  a  layer  of  fat  passed  backwards 
upon  the  head  of  the  tibia.  These  facts  were  revealed  by  a 
vertical  mesial  section  of  the  knee.  A  similar  section  of  the 
foot  showed  a  centre  of  ossification  in  the  astragalus,  6  mm.  by 
4  mm. ;  and  there  was  also  an  ossific  nucleus  in  the  os  calds^ 
measuring  10  mm.  by  8  mm.  There  was  no  centre  in  the 
cuboid,  and  that  bone  was  seen  to  underlie  the  external  cuneiform; 
and,  on  further  dissection,  was  found  to  reach  to  the  inner  side 
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of  the  middle  cuneiform,  thus  indicating  what  may  be  held  to 
point  to  a  certain  degree  of  commencing  talipes. 

To  sammarise:  the  important  anatomical  details  in  this 
specimen  were  (1)  the  condition  of  the  bones  of  the  head,  the 
absence  of  the  vault  bones,  and  the  deformity  of  the  base  bones ; 

(2)  the  abnormal  arrangement  of  the  cervical  part  of  the  spine; 

(3)  the  displacement  downwards,  qud  the  spine,  of  the  soft  parts 
in  the  region  of  the  neck;  and  (4)  the  absence  of  the  left  kidney 
and  supra-renal  capsule. 

The  frozen  sectional  work  in  connection  with  the  first 
specimen  was  carried  out  in  the  Laboratory  of  the  Midwifery 
Department  in  the  University  of  Edinburgh,  that  in  con- 
nection with  the  second  in  the  Royal  College  of  Physicians' 
Laboratory. 


THE  RELATIONS  OF  THE  PERITONEUM  TO  THE 
DESCENDING  COLON  IN  THE  HUMAN  SUB- 
JECT. By  Johnson  Symington,  M.D.,  F.R.S.K,  Lecturer 
on  Anatomy,  Minto  House,  Edinburgh. 

(Read  before  the  Anatondoal  Society,  May  28, 1892.) 

Notwithstanding  the  importance  of  this  subject  from  a 
surgical  point  of  view,  and  also  its  developmental  interest,  the 
fisite  of  the  primitive  descending  meso-colon,  and  the  relative 
frequency  of  the  existence  of  a  mesentery  for  the  descending 
colon  during  the  later  months  of  foetal  life  and  afber  birth,  are 
questions  upon  which  anatomists  are  by  no  means  agreed. 

It  is  unnecessary  for  me  to  attempt  an  exhaustive  resum^  of 
the  literature  on  this  subject,  as  this  has  already  been  done  by 
Professor  Toldt^  in  a  very  able  and  interesting  communication. 
Since  Toldt's  paper  the  most  important  work  dealing  with  this 
subject  is  that  by  Mr  Frederick  Treves.  I  refer  to  his  Hun- 
terian  Lectures  on  the  Anatomy  of  the  Intestinal  Canal  and 
Peritonemn  in  Man,  1886.  Mr  Herbert  W.  AUingham,  in  a 
recently  published  work  on  Golotorriy  :  Inguinal,  Lumbar,  and 
Transverse,  gives  the  result  of  some  original  investigations 
that  he  has  made  on  the  relations  of  the  peritoneum  to  the 
colon,  and  numerous  references  to  this  subject  will  be  found  in 
papers  dealing  with  inguinal  versvs  lumbar  colotomy. 

My  own  investigations  are  based  mainly  upon  a  study  of  the 
relations  of  the  peritoneum  to  the  descending  colon  during  the 
latter  half  of  foetal  life,  but  they  have  an  important  bearing 
upon  its  condition  during  extra-uterine  life. 

It  is  generally  admitted  that  the  descending  colon  gradually 
shifts  its  position  from  near  the  middle  line,  so  that  in  foetuses 
from  3  to  6  inches  in  length  it  is  usually  found  along  the  outer 
border  of  the  left  kidney,  but  attached  by  its  long  mesentery 
to  the  abdominal  wall  near  the  middle  line.      I  show  you  a 

1  ''Ban  und  Wachsthamsveranderangen  der  Gekrose  dea  menachlichen 
Darmkanales,"  Denkschri/len  d,  k,  Akad.  der  Wisaenach,,  Wien.,  bd.  xli., 
1879. 
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horizontal  section  through  the  abdomen  of  a  foetus  3^  inches 
long,  in  which  this  condition  is  well  seen  (see  fig.  1).  Two  main 
views  have  been  advanced  to  account  for  the  subsequent 
disappearance  of  the  mesentery,  or  the  shifbin&r  of  its  attachment 
firom  near  the  middle  line  to  the  outer  side  of  the  kidney. 
Treitz,  Luschka,  and  Hyrtl  have  attributed  its  disappearance  to 
the  growth  of  the  abdominal  wall  by  which  the  two  layers  of 
the  mesentery  are  separated  from  one  another  at  their  base,  and 
are  used  up  in  the  formation  of  the  parietal  peritoneum,  until 
finally  the  posterior  surfiEuse  of  the  colon  loses  its  peritoneal 
covering.  Waldeyer  agrees  with  the  above  view,  but  he  also 
thinks  that  the  growth  of  the  kidney  is  a  factor  in  causing  a 
disappearance  of  the  mesentery.  Langer^  and  Toldt'  ascribe 
the  fixation  of  the  descending  colon  to  the  agglutination  of  the 
posterior  layer  of  its  mesentery  with  the  parietal  peritoneum 
behind  it.  The  adhesion  is  at  first  very  loose,  and  can  easily  be 
torn.  According  to  Toldt,  this  union  of  the  descending  meso- 
colon with  the  parietal  peritoneum  begins  above  near  the 
splenic  flexure,  and  passes  from  this  level  downwards.  The 
agglutination  occurs  readily  over  the  kidney,  as  the  prominence 
of  this  organ  tends  to  bring  the  layers  in  close  contact.  Just 
internal  to  the  kidney,  however,  there  is  a  longitudinal  depres- 
sion, and  here  union  often  does  not  occur  or  is  delayed  for  a 
few  months,  and  hence  the  formation  of  the  primitive  inter- 
sigmoid  fossa.  This  recess  is  funnel-shaped,  extends  upwards 
internal  to  the  kidney  along  the  course  of  the  ureter,  and  opens 
below  behind  the  mesentery  of  the  sigmoid  flexure.  It  is  very 
commonly  found  in  foetuses  of  the  fifth  and  sixth  months,  and  as 
Toldt  maintains,  its  presence  affords  strong  confirmation  of  his 
views  as  to  the  mode  of  obliteration  of  the  descending  meso- 
colon. In  several  foetuses  at  this  age  I  have  found  on  dissection 
appearances  which  seemed  to  be  due  to  the  adhesion  of  the 
descending  meso-colon  with  the  pai'ietal  peritoneum. 

I  have  investigated  the  relation  of  the  peritoneum  to  the 
colon,  firom  the  fifth  to  the  ninth  month  of  foetal  life,  by  harden- 
ing the  entire  foetus  in  spirit  or  Miiller's  fluid.  The  body  was 
injected  with  the  hardening  fluid  by  the  umbilical  vein  as  soon 
as  received,  and  preserved  in  the  same  fluid  until  thoroughly 

*  Lekrbueh  der  AnaUmU,  Wien.,  1865.  ^  Op,  cU. 
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hardened.  In  some  cases  the  hardening  of  the  abdominal  vis- 
cera was  facilitated  by  making  a  transverse  cut  through  the 
abdominal  wall  superficial  to  the  liver,  so  as  to  allow  the  fluid 
to  enter  the  peritoneal  cavity.  After  the  trunk  was  well 
hardened,  a  horizontal  section  was  made  through  the  abdomen 
at  or  near  the  level  of  the  umbilicus.  Usually  two  horizontal 
sections  were  made,  one  a  little  above  the  umbilicus  in  front, 
and  passing  posteriorly  through  the  kidneys,  and  another  at  the 
level  of  the  umbilicus,  dividing  the  posterior  abdominal  wall 
below  the  kidneys  and  above  the  iliac  crests.  The  relations  of 
the  peritoneum  were  then  carefully  examined  in  the  plane  of 
the  section,  and  subsequently  the  coils  of  the  small  intestine 
were  turned  aside  to  permit  of  an  inspection  of  the  whole  length 
of  the  descending  colon.  This  plan  gives  excellent  results,  and 
is  much  less  laborious  than  the  freezing  method.  It  appears  to 
me  essential,  for  a  satisfactory  determination  of  the  relation  of 
the  peritoneum  to  the  colon,  that  some  means  should  be  adopted 
so  that  the  parts  are  thoroughly  hardened  before  the  abdominal 
viscera  are  exposed.  I  have  examined,  by  the  above  method, 
six  foetuses  at  the  fifth  month,  four  at  the  sixth,  two  at  the 
seventh,  two  at  the  eighth,  and  five  at  full  time. 

At  the  fifth  and  sixth  months,  the  obliteration  of  the  primi- 
tive meso-colon  and  the  subsequent  fixation  of  the  descending 
colon  is  usually  completed  where  the  colon  lies  against  the  outer 
part  of  the  kidney.  This  was  the  case  in  eight  out  of  the  ten 
foetuses  examined.  In  one  case,  a  six  months  foetus,  the  upper 
part  of  the  descending  colon  was  placed  external  to  the  kidney, 
but  as  it  passed  downwards,  the  colon  gradually  inclined  inwards 
in  front  of  the  kidney.  It  had  no  mesentery  at  its  upper  end, 
but  opposite  the  lower  half  of  the  kidney  it  had  a  mesentery, 
which  was  attached  posteriorly  to  the  anterior  surface  of  the 
kidney.  This  mesentery  became  continuous  below  with  that  of 
the  sigmoid  flexure.  In  the  other  case  the  descending  colon  had 
a  similar  relation  to  the  kidney,  but  it  did  not  acquire  a  mesen- 
tery until  it  reached  the  lower  end  of  the  kidney. 

In  the  eight  specimens  at  the  fifth  and  sixth  months,  in  which 
there  was  no  meso-colon  at  the  level  of  the  kidney,  only  about 
half  the  circumference  of  the  bowel  was  covered  by  peritoneum. 
The  surface  uncovered  rested  partly  upon  the  kidney  and  partly 
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against  the  abdomiDal  wall  immediately  external  to  the  kidney. 
In  six  of  these  eight  fffituses  there  was  no  mesentery  to  the 
culon  between  the  kidney  and  the  iliac  crest,  but  in  two  of  them 
it  acquired  a  mesenteiy  opposite  the  lower  end  of  the  kidney. 
Nine  specimens  were  examined  between  the  seventh  and  ninth 
m<mths  of  fcetal  life,  and  in  non«  of  these  was  there  a  descend- 
ing mesoKxilon  either  opposite  the  kidney  or  between  this  organ 
and  the  iliac  crest,  and  on  an  average  nearly  half  of  the  circum- 
ference of  the  bowel  vsa  uncovered  by  peritoneum.  This  was 
the  case  both  in  thoee  specimens  in  which  the  colon  was  nearly 
empty  and  those  in  which  it  was  distended  with  mecoDium. 
The  colon  passed  vertically  downwards  along  the  outer  border 
of  the  kidney,  and  at  the  lower  end  of  the  kidney  it  turned 
inwards  to  reach  the  outer  border  of  the  psoas.  Here  it  again 
changed  its  direction,  passing  downwards  in  front  of  the  iliac 
crest  to  join  the  sigmoid  flexure. 

Fig.  2  shows  a  horizontal  section  of  the  abdomen  of  a  nine 
months  male  fcetus,  passing  through  the  lower  part  of  the  um- 
bilions  in  front,  and  the  upper  part  of  the  5th  lumbar  vertebra 

Fio.2. 


Fio.  I. — Tnuuvene  wction  through  abdomen  of  a  ftetus  3j  inches  long.  D.C., 
de«cendiDg  colon  ;  P.,  peritoneum ;  K.,  kidney ;  V.,  Tertobra. 

Fio.  2. — Tnnavefse  section  through  abdomen  of  a  nine  mouthi  Gstns.  D.C., 
deeceDdiDg  colon ;  Ft.,  psoM  mascle  ;  Q.L.,  qoadratus  Inmbonim ;  E.3., 
erectoT  epinfe  ;  L.T.,  lumbar  vertebra. 

behind.  It  was  immediately  above  the  iliac  crests  and  below 
both  kidneys.  Both  the  descending  colon  and  the  sigmoid 
flexnre  were  distended  with  meconium.  As  can  be  se^i  from 
the  figure,  the  inner  aspect  of  the  colon  lying  near  the  psoas 
and  the  posterior  aspect  placed  in  front  of  the  quadratus  lum- 
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bonim  were  uncovered  by  peritoneum,  while  the  anterior  and 
external  surfaces  were  provided  with  a  serous  investment. 

The  part  of  the  circumference  of  the  colon  covered  was  |  of 
an  inch  in  extent,  while  that  uncovered  was  f  of  an  inch.  In 
another  case,  a  nine  months  female  foetus,  the  descending  colon 
was  nearly  empty  and  flattened  from  before  backwards.  In  this 
specimen  not  more  than  half  of  the  circumference  of  the  colon 
was  covered  by  the  peritoneum. 

I  am  well  aware  that  these  results  do  not  agree  with  those 
of  various  other  observers.  Luschka  ^  asserts  that  in  the  new- 
bom  child  the  vertical  portions  of  the  colon  are  completely 
surrounded  by  peritoneum,  and  movable,  and  also  nearer  the 
middle  line.  My  results,  however,  agree  with  those  of  Toldt, 
and  I  believe  they  represent  the  normal  relation  of  parts. 
These  conclusions  have  an  important  bearing  upon  the  question 
of  the  relation  of  the  peritoneum  to  the  descending  colon  during 
extra-uterine  life.  Thus  Mr  Frederick  Treves*  writes — "  From 
the  standpoint  of  development  and  comparative  anatomy,  it 
would  certainly  be  expected  that  a  descending  meso-colbn  would 
be  much  more  frequently  met  with  than  an  ascending  meso- 
colon     It  is  the  remains  of  the  primary  vertical  fold 

of  peritoneum,  whereas  the  ascending  colon  is  a  secondary  pro- 
duction, a  fold  required  by  a  certain  phase  in  the  development 
of  the  bowel "  (p.  55).  From  the  above  quotation  it  is  evident 
that  Mr  Treves  regai-ds  the  descending  meso-colon  of  the  adult 
as  resulting  from  the  persistence  of  the  primitive  mesentery. 
If,  however,  the  descending  meso-colon  of  the  young  fo&tus  be 
normally  obliterated  by  the  end  of  fcetal  life,  it  is  obvious  that 
the  mesentery  described  by  various  authorities  as  of  firequent 
occurrence  in  the  adult  must  be  a  secondary  formation,  and  not, 
except  in  rare  cases,  the  remains  of  the  primitive  descending 
meso-colon. 

I  have  not  yet  met  with  a  mesentery  for  the  descending  colon, 
either  in  the  child  or  the  adult,  in  subjects  examined  after 
freezing  the  abdomen  and  making  horizontal  sections  of  the 
body  in  the  region  of  the  descending  colon.  My  cases,  six 
children  and  two  adults,  are,  however,  too  limited  in  number  to 
justify  any  definite  opinion  as  to  its  relative  frequency.     In  one 

1  Dis  AnaUmie,  bd.  ii.  p.  172.  >  Op.  eU. 
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case,  a  boy  aged  5  years/  the  descending  colon  did  not  occupy 
its  normal  position,  bat  passed  downwards  internal  to  the  lefb 
kidney.  In  this  case  there  was  no  mesentery.  I  have  notes  of 
several  cases  of  a  similar  kind  in  adults,  and  in  these  also  there 
was  no  mesentery.  In  the  other  five  children  the  bowel  was 
normal  in  position.  PL  xL  fig.  1  of  my  work  on  the  Anatomy 
of  the  Child  represents  a  horizontal  section  of  the  abdomen  of 
a  girl  six  years  old,  made  between  the  last  rib  and  the  iliac  crest. 
In  this  case  the  bowel  was  empty  and  contracted,  and  just  about 
one-half  of  the  part  of  the  descending  colon  divided  in  the 
section  wajs  uncovered  by  peritoneum. 

I  am  of  opinion  that  the  firequency  of  occurrence  of  a 
descending  meso-colon  has  been  greatly  exaggerated,  and  the 
methods  adopted  for  the  investigation  of  the  peritoneal  rela- 
tions of  the  descending  colon  have  been  unsatisfactory,  and  in 
some  cases  have  tended  to  develop  a  mesentery  where  it  did  not 
normally  exist. 

Professor  P.  Lesshaft  ^  described  a  descending  meso-colon  as 
existing,  on  an  average,  in  1  out  of  every  6  bodies.  Between 
the  ages  of  30  and  40  it  was  1  in  every  4,  and  between  40  and 
50  it  rose  to  1  in  3. 

Mr  Frederick  Treves^  found  a  descending  meso-colon,  varying 
in  length  firom  1  to  3  inches,  in  36  out  of  100  bodies  he 
examined.  He  gives  no  particulars  as  to  the  condition  of  the 
bowel,  whether  empty  or  distended,  or  the  vertical  extent  of  the 
mesentery. 

Mr  Herbert  W.  Allingham*  found  a  mesentery  much  more 
frequently  than  either  Lesshaft  or  Treves.  It  may,  perhaps,  be 
as  well  to  quote  his  own  words.  On  page  153  of  his  work  on 
Cclotomy  he  writes : — 

**  In  condition  2,  as  represented  in  fig.  30,  the  colon  is  entirely 
surrounded  by  firmly  adherent  peritoneum,  and  has  a  com- 
paratively short  mesentery,  so  that  it  is  impossible  to  reach  it, 
or  to  see  the  longitudinal  bands,  without  first  opening  the 
peritoneal  cavity.    In  this  condition  the  ascending  and  descend- 

^  See  fig.  8,  p.  80  of  my  work  on  The  Topographical  Anatomy  of  the  Child, 
1887. 

'  "  Die  Lumbalgegend  in  anatomisch-cbirurgischer  Hinsicht,"  Beichert  wnd  Du 
Bote  Beymonds  Arch,,  1870. 

'  Op,  eU.,  p.  1,  *  Op,  cU,,  p.  2. 
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ing  colons  have  a  mesentery  of  varying  length My 

own  observations  show  49  out  of  60  cases  on  the  nght  side  and 
60  out  of  60  on  the  left  side,  the  percentage  therefore  being  81} 
out  of  100  cases  on  the  right  side,  and  83^  out  of  100  on  the  lefl 
side."  Mr  Allingham  does  not  give  any  particulars  as  to  the 
method  he  adopted  in  bis  examination,  but  if  bis  facts  be 
correct,  I  presume  they  must  constitute  a  very  serious  objection 
to  the  operation  of  lumbar  colotomy, — at  any  rate,  as  usually 
performed.  Indeed  it  is  difficult  to  realise  how  surgeons  could 
have  continued  for  so  many  years  to  perfcmn  lumbar  colotomy 
and  expect  to  open  the  descending  colon  without  wounding  the 
peritoneum,  when,  according  to  Allingham,  this  is  impossible  in 
5  out  of  6  subjects.  Both  Treves  and  Allingham  made  their 
observatiouB  upon  fresh  bodies,  but  they  give  no  particol&rs  as 
to  what  precautions  they  adopted  to  fix  the  colon  and  peri- 
toneum in  their  normal  position. 

In  many  subjects  the  parietal  peritoneum  is  very  loosely 
attached  to  the  abdominal  wall  in  the  lumbar  region,  especially 
where  it  is  reflected  on  to  the  colon.  This  looseness  of  connec- 
tion is  what  one  would  expect  from   the  variations   in   the 


Fio.  3.— Tmuvene  KctioQ  through  the  ibdonieD  of  a  male  adult. 
Lettering  u  in  Fig.  2. 

quantity  of  material  occupying  the  colon  at  different  times.  It 
therefore  follows  that  the  colon,  upon  slight  traction,  can  easily 
be  drawn  forwards  from  the  posterior  abdominal  wall  and  a  fold 
of  peritoneum  formed  behind  it,  simulating  a  mesentery.     It 
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mast  further  be  noted  that  the  reflection  of  the  anterior 
abdominal  wall  and  the  consequent  division  of  the  parietal 
peritoneum  facilitates  the  formation  of  this  fold. 

Fig.  3  represents  a  horizontal  section  of  the  abdomen  of  a 
thin  male  subject,  aged  57  years,  half  an  inch  above  the  iliac 
crest.  The  colon  was  empty.  In  a  section  through  this  body 
an  inch  higher  up,  which  divided  the  lower  end  of  the  kidney, 
only  half  the  circumference  of  the  bowel  was  covered  by  peri- 
toneum, but  here  fiilly  f  was  covered.  The  extent  of  surface 
uncovered  was  only  f  of  an  inch.  In  this  case  the  peritoneum 
covered  the  anterior  and  lateral  aspects  of  the  descending  colon, 
and  also  extended  round  its  outer  border  so  as  to  cover  part  of 
the  posterior  sur£BU^.  The  peritoneum,  however,  was  very  loosely 
attached  to  the  colon  where  it  covered  it  posteriorly,  and  I  have 
no  doubt  that  had  the  bowel  been  distended,  a  much  larger 
sur&ce  would  have  been  uncovered  by  the  peritoneum.  It  is 
specimens  such  as  this  which  are  very  liable,  in  an  ordinary 
post-moi-tem  examination,  to  be  regarded  as  examples  of  a 
descending  colon  with  a  mesentery. 


A  RACIAL  VARIATION  IN   THE  LENGTH  OF  THE 
PALATE    PROCESS    OF    THE    MAXILLA,      By  A. 

EiCHHOLZ,  B,A,,  Scholar  ofEmmanud  College,  Carribridge, 
Assistant  Demonstratoi''  of  Anatomy,  Cambridge  Uni- 
versity. 

(Commanicated  to  the  Anatomical  Society,  May  23,  1892. ) 

Method. — Two  sets  of  measurements  were  taken : — 

A.  The  length  (in  the  median  line  of  the  palate)  from  the 

posterior  extremity  of  the  maxillary  palate  process 
to  the  summit  of  the  eminence  between  the  median 
incisor  teeth.  For  each  race  examined  an  average  of 
the  individual  measurements  was  taken,  and  a  value 
[L]  for  each  race  thus  obtained. 

B.  The  internal  width  behind  the  last  molar  teeth.     Here^ 

again,  an  average  race  value  [W]  was  calculated. 

The    specimens   examined   were  those    of   the  Cambridge 
University  and  Huntenan  CoUectiona 

Results : — 

1.  The  measurements  A  show  a  race  variation  inasmuch  as 

the  length  [L]  in  the  so-called  "higher"  races  is 
shorter  than  the  length  in  the  "  lower "  races.  (See 
Table  L  and  Table  III.,  column  2.) 

2.  On  arranging  the  races  according  to  their  geographical 

distribution,  it  is  found  that  a  group  of"  higher  "  races 
occupies  as  a  whole  a  higher  place  on  the  list  with 
respect  to  [L]  than  a  group  of  "  lower  "  races,  so  that 
the  racial  variation  is  gradational  from  the  "higher'^ 
to  the  "  lower  "  races.    (See  Table  11.) 

3.  The  measurements  B  indicate  that  [W]  shows  no  racial 

variation.  The  variations  which  do  occur  may  rather 
be  regarded  as  minor  fluctuations  of  a  common  mean 
value.    (See  Table  IIL,  columns  3  and  4.) 

4.  In  consequence  of  1  and  3,  the  difference  [L]  -  [W]  should 

be  greater  in  the  "  lower  "  than  in  the  "  higher  "  races. 
This  on  the  whole  is  found  to  be  the  case,  the  differ- 
ence varfdng  from  a  negative  value  in  the  upper 
races  to  a  comparatively  large  positive  value  in  the 
lower  races,  the  transition  being  gradational 
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5.  In  many  individaal  cases  there  is  an  actual  or  approxi- 

mate numerical  equality  of  the  length  of  the  maxil- 
lary palate  process  and  the  internal  width.  Calling 
all  cases  equal  in  which  the  difference  does  not 
exceed  2  millimetres,  it  is  found  that  the  per- 
centages of  cases  of  equality  are  greater  in  the  higher 
than  in  the  lower  races  (see  Table  IV.),  and  that  the 
lowering  of  percentage  is  gradational.   (See  Table  V.) 

6.  In  correlation  with  the  above-mentioned  results  stands 

the  fact,  that  the  higher  the  race  the  less  steep 
is  the  typical  palate  curve  in  that  race. 

I  take  this  opportunity  of  acknowledging  Professor  Macalister's 

kind  advice  and  assistance  to  myself  whilst  undertaking  this 

iuquiry. 

Table  L—To  Illustrate  Remit  1. 


Note,— 

The  DumbeTa  affixed  to  the  names  of  the  Tarlotts 

races  indicate  the  number  of  measure- 

) 

mentB  f  i-om  which  in  each  cose  [L]  was  a^ 

reraged. 

.0 

See  also  Table  IIL,  column  6. 

S|'o 

5I-' 

e  -• 

a 

a 

S 

J 

854 

Iriah,  16 

404 

Japan,  10 

SCO 

407 

QuUna  and  Colombia,  10 

868 

Pns-Celtlc  Brlttoh,  41 

410 

869 

Romano-Brlti8h,>0 

870 

418 

Esquimaux,  30;  Maori,  30 

878 

French,  44 

430 

Negro,  East  Coast  Africa,  10 

875 

Anglo-Saxon,  29 

421 

Zulu,  10 

880 

Italian,  121 

435 

Fill  Islands,  10 

881 

Scotch,  16 ;  Onanche,  10 

883 

English  (modern  and  uncertain  date) ,  38 

438 

Papua,  10 

888 

Indo-lfalayan  Archipelago,  20 

' 

,    480 

New  Caledonia,  10 

885 

Hindus,  20;  Veddahs  and  Ceylon,  30 

1 

886 

Andaman  Islands,  10 

488 

Negro,  West  Coast  Africa,  30 ; 

887 

Scandinavian  and  Lapp,  10 

[N.  Australian,  6] 

888 

Peru,  82 

489 

Tasmanian,  10 

890 

Onece,  19;  Uadans,  30. 

440 

Kaffir,  16 

891 

Chinese,  19 

446 

East  Australian,  10 

894 

West  Coast  Noi  th  American  Indians,  30 

895 

Mediterranean  Mohammedans,  14 ; 
Ancient  Egyptians,  88 

450 

New  Hebrides,  10 

897 

[Burmese] 

456 

Soutli  Australian,  10 

899 

Polynesia,  17 ;  Bushmen,  10 

400 

Patagonia  and  Tierra  del  Fuego,  10 

460 
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Table  II.— 7b  Illwstrate  Remit  2. 


The  nnmbcn  ave  ▼alnas  of  [L]  in  ^. 

10 


1               EUJIOPR. 

1 

Asm. 

Ambrica. 

Africa. 

AU8TK.\LIA. 

8M.  Irish 

800. 

308.  Pre-CclUc- 
Brtttoh 

1                                               I 

869.  Romano- 
British 
870. 

870.  [Vancouver  I., 
deformed] 

1                                         ! 

878.  French 

375.  Anglo-Saxon 

880.  ItelJaa 

381.  Gnanche— 

Scotch 

!  882.  English 

1 
I 

887.  Scandinavian 
and  Lapp 

888.  lodo-Malayan 
Archipelago 
:  886.  Veddahsand 
Ceylon,  Hindus 
886.  Andaman  Is. 

888.  Peru 

890.  Greece 

890.  Maduras 

891.  Chinese 

SOS.  Mediterranean 
Mohammedans 

897.  [BnnneseJ 

894.  W.  Coast  N. 

Am.  Indians 
89S. 

895.  Andcnf  Egyp- 
tian 

1 

1 

400. 

404.  Japan 

400.  Patagonia  and 
Tierra  del 
Fuego 

407.  Guiana  and 
Colombia 

418.  Esquimaux 

899.  Bushmen 

410. 

420  Negro,  East 

Coast 
421.  Zulu 

488.  Negro,  West 
Coast 

440.  Kaffir 

899.  Polynesia 
4ia  Maori 

1 

495.  F^ilsIandB 

428.  Papua 

480.  New  Caledonia 

488.  CN.  Anstialla] 

489.  Tasmanta 

446.  EastAMtmUa 
45a  New  Rdffidea 

1 
I 

45&  South  AutiaOa 
457.  [W.  AnstmUa) 

VARIATIONS  IN  PALATX  PROCESS  OF  THE  MAXILLA.      541 


Tablk  III.— ro  nivdraie  RetidU  1-3  and  4. 


Pun  4n>  Race. 


i 


Si- 
lls, 
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Tablb  IV.— To  lUuOrate  Result  5. 


PercentagiM  of  oases  in  each  race  in  which  L-W  is  not  greater  than  2  mm.     In  this  and 
the  foUowing  table  L  and  W  refer  to  individual  and  not  to  average  measurements. 


70.  French,  Ouanohe. 

69.  British  Islands,  Pre-Oeltic  British. 

68.  Indo-Malayan  Archipelago. 

65.  Hindus,  Maoris. 

64.  Polynesia. 

61.  Scandinavian  and  Lapp. 

60.  Ancient    Effvptian,    Fatagonian,    and 

Tierra  derFuego. 
58.  Greece. 
57.  Romano-British,     Mediterranean     Mo* 

hammedans. 
55.  Esquimaux. 
54.  Japan. 


53.  Peru,  Irish,  Scotch. 

50.  Italian,  Zulu,  Bushmen,  Chinese. 

46.  Anglo-Saxon. 

45.  Maduras,  Yeddahs,  and  Ceylon. 

44.  Tasmania,  Fni. 

80.  >yest  Coast  North  American  Indians, 
South  Australian,  North  Australian, 
New  Caledonian,  New  Hebrides, 
Kaffir,  Negro,  East  Coast. 

21.  Negro,  West  Coast 

20.  Papua,  East  Australia. 

10.  Andaman  Islands. 


Table  V. — To  Illustrate  Result  6  (latter  portion). 


Table  of  Peroonttgos  In  which  L-W  does  not  exceed  3  mm. 


EuaopR. 


Asia. 


70.  Pit>nch,Gn*nchc 
(TO.  BritlBh  18.,  Pre- 
CcltlcBrltlsh 


65. 


61.  Scandinavian 
and  Lapp 


68.  Indo-Malajan 
Archipelago 

G.).  Hindus 


68.  Greece 
57.  Romano-British, 
Med.  Moham. 


fi8.  IriBh-Scotch 

(K).  Italian 

46.  Anglo-Saxon 


M.  Japan 
50.  Chlneic 


45.  Maduras,  Vcd- 
da]i,ana  Ceylon 


Akbrica. 


60.  Patagonia  and 
Tieira  del 
Fuego 


55.  Esquimaux 
5<3.  Peru 


.\FRICA. 


60.  Ancient  Egyp- 
tians 


50.  Zulu,  Bushmen 


80.  West  Cosst  N'. 
Am.  Indians 


30.  Negro.  E.  Coast, 
Kaillr 


21.  Negro,  W.  Coast 


10.  Andaman  Is. 


AuanuLi^ 


65.  Maori 
64.  PolTueaia 


44.  Tasmania,  FUI 

80.  Mew  Caledonia, 
New  Hebrides, 
S.  AuBtmlUi 


20.  East  AastraUa, 
Papua 


A  PLEA  FOR  UNIFORMITY  IN  THE  DELIMITATION 
OF  THE  REGIONS  OF  THE  ABDOMEN.  By 
William  Anderson,  F.R.C.S. 

(Read  before  the  Anatomical  Society,  May  28,  1892.) 

As  the  plan  of  segmenting  the  ventral  surface  of  the  abdomen 
by  means  of  two  horizontal,  and  two  vertical  or  nearly  vertical 
lines,  has  survived  the  test  of  time,  it  might  be  assumed  that  it 
is  a  resource  of  some  practical  value  to  the  physician  and 
surgeon,  and  yet  at  the  present  moment,  despite  our  recent 
advance  in  topographical  anatomy,  the  teacher  who  refers  to  a 
particular  abdominal  area  can  never  be  certain  that  the  name 
by  which  he  designates  it  will  convey  the  same  impression  to 
his  hearers  as  to  himself.  The  reason  of  this  difficulty  ia  not 
far  to  seek. 

It  is  a  rather  curious  fact  that,  although  the  nine  historical 
regions  of  the  abdomen  have  been  universally  accepted  in  British 
and  continental  schools  for  at  least  forty  years,  and  may  be 
traced  back  to  a  very  much  more  remote  period,  no  attempt 
has  ever  been  made  to  secure  uniformity  in  the  plan  of  their 
delimitation,  but  almost  every  anatomical  writer  has  elected  to 
follow  a  system  of  his  own,  and,  consequently,  we  have  at  the 
present  moment  at  least  fourteen  different  schemes  in  our  recog- 
nised text-books.  It  can  scarcely  be  necessary  to  argue  upon 
the  inexpediency  of  our  position,  and  the  desirability  of  securing 
accord  amongst  the  teachers  of  anatomy. 

The  appended  table  shows  the  rules  laid  down  by  most  of 
the  principal  authorities.  On  analysing  this  we  see  that  the 
wpper  horizontal  line  may  be  drawn  either  (1)  between  the 
9th  costal  cartilages  of  the  two  sides — the  precise  part  of  the 
cartilage,  which  forms  about  2  inches  of  the  border  of  the  thorax, 
being  usually  left  undefined  (Gray,  Todd,  Turner,  Holden,  Heath, 
Shield,TilIaux);  (2)  between  the  10th  costal  cartilages  (Macalister, 
Aitken,  Joessel);  between  the  lowest  points  of  the  thoracic 
border,  usually  the  11th  costal  cartilage  (Quain,  Cunningham, 
Henle) ;  or  (3)  on  a  level  with  the  tips  of  the  12th  ribs  (Hyrtl, 
Rlidinger).    The  lower  horizontal  line  may  be  drawn  (1)  either 
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at  the  level  of  the  highest  point  of  the  iliac  crest  (Qaain,  Gray, 
Turner,  Cunningham,  Henle,  Bellamy,  and  others),  or  (2) 
between  the  anterior  superior  iliac  spines  (Todd,  Holden, 
Heath,  Macalister,  Shield,  Tillaux,  Hyrtl,  Biidinger,  and 
Joessel).  The  longitvdinal  line  on  each  side  may  run  upwards 
(1)  from  the  middle  of  Poupart's  ligament  (Quain,  Gray,  Turner, 
Heath,  Tillaux) ;  (2)  from  the  inner  part  of  the  ligament  (Todd, 
RUdinger) ;  (3)  from  the  pubic  spine  ( Aitken,  Macalister) ;  or 
(4)  from  the  anterior  superior  iliac  spine  (Hyrtl) ;  (5)  fit>m  the 
ilio-pectineal  eminence  (Joessel).  It  may  be  directed  perpen- 
dicularly upwards  without  reference  to  any  terminal  point 
(Quain,  Cunningham,  Tillaux),  or  it  may  be  drawn  to  a  fixed, 
but  often  rather  indefinite,  locality  above,  as  the  7th  costal 
cartilage  (Heath,  Bellamy);  the  bony  extremity  of  the  6th  or 
7th  rib  (Rttdinger);  "the  extremity  of  the  7th  or  8th  rib'* 
(Todd);  "the  8th  costal  cartilage,"  without  reference  to  the 
particular  part  of  the  structure  (Gray,  Holden,  Macalister, 
Shield);  to  "the  9th  or  10th  rib"  (Henle);  to  the  sterno- 
clavicular joint  (Hjnrtl) ;  to  the  acromio-clavicular  joint  (Aitken, 
&c.);  or  may  stop  short  at  the  superior  horizontal  line,  the 
upper  region  being  subdivided  by  the  costal  border  (Joessel). 

Setting  aside  the  impracticability  of  some  of  these  indications, 
it  is  obvious  that  the  variations  between  the  different  systems 
are  really  important.  For  example,  in  the  scheme  most  in 
vogue,  that  adopted  in  Qaain's  ATiatomy,  the  umbilicus  lies  at 
the  lowest  limit  of  the  umbilical  region,  or  even  outside  it 
altogether — ^never  in  the  middle  as  the  diagrams  depict — and 
the  height  of  the  area  seldom  exceeds  2  inches,  and  is  often  less ; 
in  Gfray's  Anatomy  the  elevation  of  the  upper  horizontal  line 
to  the  9th  costal  cartilage  adds  an  inch  or  two  above ;  and  in 
Macalister  and  Tillaux  the  depression  of  the  lower  horizontal 
line  to  the  iliac  spines  lends  an  increase  of  about  3  inches  in 
the  other  direction,  and  the  umbilicus  now  falls  in  the  centre  of 
the  area  from  which  it  takes  its  name.  Again,  in  most  of  the 
systems  the  outline  of  the  region  is  rectangular,  or  nearly  so ; 
but  in  Aitken  it  widens  above  towards  the  points  of  the 
shoulders,  and  in  Hyrtl  it  widens  below  towards  the  anterior 
inferior  iliac  spines.  Equally  serious  discrepancies  exist  in 
all  of  the  other  regiona 
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Qnaln, 
Cnnnlngham,  . 

Bellainjr,  . 


Holden,     . 
Shield,      .      . 


Todd, 


Tamer,     . 

Heeth  (4th  ed.), 

Mwcftlitter, 
Altken,  . 
TUhmx,     . 

Henle» 
Hyrtl, 
Rttdlnger» 

Joeeael,    . 


{ 


) 


Upper  Horizontal  Line. 


Lerel  of  lowest  part  of 
wmU  of  thorax  on 
each  tide. 

Level  of  cartilage  of 
9th  rih. 


Do. 


Do. 


Do. 


do. 


do. 


do. 


Most  prominent  part  of 
9th  costal  cartilage. 


Throngh    9th    costal 
cartilage. 


From  10th  costal  cart 


Do. 


do. 


Throngh    9th     costal 
cartilage. 


Deepest  point  of  border 
of  10th  rib. 


Tip  of  12th  rib. 


Da 


do. 


CartUaginons  end  of 
10th  rib. 


Lower  Horizontal  Lbie. 


Highest  pohit  of  iliac 
crest. 


Do. 


da 


Da 


da 


Ant.  sap.  Iliac  spines.  | 


Da 


da 


Sommit  of  Iliac  crest. 


Ant  sop.  Ulac  spines. 


Do. 


Do. 


Do. 


do. 


da 


da 


Highest  pohit  of  Iliac 
crest 


Ant  sop.  iliac  spines. 


Do. 


Do. 


da 


da 


(Posterior  aspect  sobdlTlded  Into  three  regions, 
yertebral  and  right  and  left  lombar.) 


Vertical  Line  (on  each' 
Bide). 


Upwards  from  middle 
of  Poapart*s  liga- 
ment. 

From  cartilage  of  8th 
rib  to  centre  of  Poo* 
part's  ligament  rthe 
two  lines  panJlel). 

7th  costal  cart  to  mid. 
of  Poopart's  ligament 

8th  costal  cart  to  mid. 
of  Ponpart's  ligament 

Ant  extrem.  of  7th  or 
8th  rib  to  a  point  a 
little  ext.  to  pabic 
spine. 

Perpendlcolar  linenp- 
vnuds  from  middle  of 
Ponpart*8  ligament. 

From  7th  costal  cart 
to  mid.  of  Ponpart's 
ligament 

From  8th  costal  cart, 
to  pobic  spina 

Fromacromlo-clav.Jolnt 
to  pnbic  spina 

From  ilio-pect  emi- 
nence or  middle  of 
Ponpart's  ligament 
yertlcaUy  opwards. 

From  9th  or  lOtti  rib 
down  to  middle  of 
Poupart^s  ligament 

From  stemo-clar.  Joint 
to  ant  mp.  spine  of 
lllom. 

From  bony  end  of  6th 
or  7th  rib  to  inner 
portion  of  Poopart's 
ligament 

From  illo-peet  emln> 
ence  perpendlcolarly 
upwards  to  upper 
hcrizontalllna  £pi- 
gastric  region  sepa- 
rated from  hypo- 
chondrea  by  costal 
borders. 


This  is  chaos,  and  there  is  little  doubt  that  it  were  better 
to  abandon  the  pretence  of  a  regional  subdivision  of  the 
abdomen  altogether  than  to  employ  terms  which  have  no 
scientific  meaning. 

I  have  no  wish  to  complicate  confusion  by  proposing  a 
fifteenth  system,  and  I  should  be  glad  to  welcome  any  scheme 
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of  delimitation  that  meets  with  the  approval  of  this  Society. 
Whatever  plan  be  framed,  however,  it  is  desirable  that  the 
boundary  ''lines"  should  be  converted  into  planes  carried 
through  the  whole  depth  of  the  abdomen,  and  defined  on  the 
dorsal  as  well  as  on  the  ventral  surface  of  the  trunk,  and  that 
the  structures  cut  through  by  these  planes  should  be  noted,  as 
well  as  those  comprised  within  the  regions  which  they  separate. 
It  should,  of  course,  be  recognised  that  the  relations  so  defined 
can  only  be  approximate,  on  account  of  the  wide  range  of 
physiological  variation  in  the  position  of  the  abdominal  contents ; 
but  this  being  understood,  a  regional  type  would  be  of  material 
service  in  medical  education. 

If,  then,  we  retedn  the  subdivision  into  nine  segments,  it 
remains  only  to  discuss  the  method  of  delimitation.  Firstly,  for 
the  horizontal  planes,  the  most  ancient  system  and  perhaps 
the  best,  is  that  quoted  in  Le  Clerc's  JEpitome  of  Surgery 
(published  in  English  in  1696).  Here  the  linea  alba  is  sub- 
divided into  three  equal  parts,  and  the  superior  horizontal  line 
lies  at  the  junction  of  the  upper  and  middle  thirds,  the  inferior 
at  the  junction  of  the  lower  and  middle  thirds.  To  take,  how- 
ever, more  modem  authorities,  the  most  suitable  level  for  the 
higher  plane  appears  to  be  that  adopted  in  Quain*8  Anatomy^ 
the  lowest  point  of  the  cartilaginous  boitler  of  the  thorax 
(usually  the  11th  costal  cartilage).  This  plane  passes  through 
the  second  lumbar  vertebra  posteriorly,  and  lies  about  2  inches 
above  the  umbilicus  in  front;  but  the  8th  and  9th  costal 
cartilages  are  objectionable  as  indications  for  level,  because  each 
forms  two  inches  or  more  of  the  thoracic  border,  and  neither  can 
be  satisfactorily  defined  through  the  integuments  in  stout 
persons.  For  the  lower  horizontal  plane  we  have  the  choice 
of  two  levels — that  of  the  highest  point  of  the  iliac  crest,  cor- 
responding to  the  lower  part  of  the  3rd  lumbar  vertebra, 
and  that  of  the  anterior  superior  iliac  spine,  which  lies  about  an 
inch  below  the  level  of  the  sacral  promontory.  It  is  hard  to 
say  which  offers  the  greater  advantages.  The  objection  to 
the  former  is  that  it  frequently  excludes  the  umbilicus  firom 
the  umbilical  region,  and  reduces  the  middle  zone  (lumbar  and 
umbilical  regions)  to  a  very  narrow  segment  of  the  abdomen. 
On  the  other  hand,  the  lower  plane,  that  of  the  iliac  spines. 
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leaves  a  large  portion  of  the  iliac  fossae  in  the  lumbar  regions, 
and  it  confines  the  iliac  regions  within  a  very  restricted  area. 
On  the  whole,  however,  it  seems  the  more  convenient  as  it 
leaves  the  umbilicus  nearly  in  the  middle  of  the  umbilical 
region,  where,  with  strange  unanimity,  it  is  figured  in  the 
diagrams  of  every  system ;  and  its  boundary  lines  touch  some 
structures  of  much  surgical  interest. 

For  the  longitudinal  plane  on  each  side,  that  correspond- 
ing to  the  vertical  line  of  Quain,  running  upwards  parallel 
to  the  mesial  line  firom  the  middle  of  Poupart's  ligament,  would 
be  the  most  practical,  as  it  can  be  readily  localised  by  the  eye 
without  the  necessity  of  searching  for  uncertain  or  imper- 
ceptible costal  landmarks,  and  is  already  familiar  to  the  greater 
number  of  observers. 

Could  we  cast  ofiF  tradition  without  loss,  it  would,  perhaps,  be 
more  simple,  and  hence  more  useful,  to  divide  the  cavity  into 
superior  and  inferior  segments  by  a  single  horizontal  plane  at 
the  level  of  the  umbilicus  (or  of  the  highest  point  of  the  iliac 
crest),  and  then  to  subdivide  each  segment  into  three  by  two 
vertical  lines  drawn  as  described,  firom  the  middle  of  Poupart's 
ligament.  The  regions  might  then  be  called  right,  left,  and 
middle  superior,  and  right,  left,  and  middle  inferior ;  but  such 
a  change  would  have  the  great  disadvantage  of  making  the  older 
references  unintelligible. 

It  is  quite  unnecessary  to  occupy  the  time  of  the  Society  with 
any  review  of  the  contents  of  the  regions,  or  of  the  parts  cut 
through  by  the  imaginary  delimitation  planes.  This  can  be  done 
when  an  agreement  is  arrived  at ;  and  all  that  is  attainable  in 
accuracy  of  localisation  may  be  secured  by  the  aid  of  sections  of 
the  fix)zen  body.  Professor  Cunningham,  who  has  done  so  much 
for  practical  as  well  as  for  scientific  anatomy,  has  already  com- 
menced the  work  in  the  admirable  series  of  casts  which  were 
exhibited  here  two  years  ago,  and  are  again  before  us  to-day. 

I  trust  the  Society  may  see  fit  to  take  up  the  question. 
Whether  any  combined  action  of  British  anatomists  would  affect 
the  continental  schools  may  be  open  to  doubt,  but  much  will  be 
gained  if  we  are  able  to  agree  amongst  ourselves. 


NOTE  ON  THE  ANATOMY  OF  THE  SUPRARENAL 
BODIES.  By  H.  D.  Rolleston,  M.A.,  M.D.,  Cantab., 
Fellow  of  St  John's  College,  Cambridge,  Pathologist  and 
Lecturer  on  Pathology  at  St  George's  Hospital}  (Plate 
XIIL) 

The  anatomical  relations  of  the  suprarenal  bodies  are  so  much 
more  easily  seen  in  the  post-mortem  room  than  in  the  dissecting 
room,  that  I  venture  to  bring  forward  the  results  of  observations 
made  in  the  post-mortem  room  of  St  Greorge's  Hospital. 

Right  Suprarenal. 

ITis  right  suprarenal  capsule  embraces  the  inner  and  upper 
part  of  the  kidney,  overlapping  its  sur&ce,  lying  on  the  cms  of 
the  diaphragm,  and  under  cover  of  the  peritoneum,  the  liver, 
and  inferior  vena  cava.  The  outline  of  the  right  suprarenal,  as 
seen  from  the  front,  is  roughly  triangular;  its  angles  point 
respectively  (1)  outwards,  (2)  upwards,  and  (3)  downwards. 

It  is  flattened  and  represents  two  chief  surfaces,  anterior  and 
posterior,  each  of  which  are  divisible  into  two  secondary  areas. 
The  anterior  sur&ce,  however,  is  not  uniformly  flat. 

Along  its  upper  and  inner  borders  part  of  the  anterior 
surface  is  depressed  below  the  level  of  the  remainder.  The 
whole  depressed  area  forms  a  vaiying  proportion,  one-third  to  a 
half,  of  the  whole  anterior  surface,  usually  a  third  Separating 
these  two  areas  is  a  furrow  with  an  elevation  external  to  it ;  the 
elevated  portion  is  flattened  and  bent  forwards  (vide  fig.  1). 

Sections  of  the  suprarenal  body  show  that  the  furrow  corre- 
sponds to  a  projection  (fig.  2),  and  the  elevation  to  a  groove  on  the 
posterior  surface. 

This  undulation  on  the  anterior  surface  follows  the  same 

curve  as  that  of  the  convexity  of  the  upper  and  inner  borders  of 

x^  the  suprarenal  body.    At  the  junction  of  the  upper  and  inner 

1  Commnnicated  to  the  Anatomical  Society  of  Great  Britain  and  Ireland, 
May  28,  1892. 
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limbs  of  this  undulation  the  suprarenal  vein  arises  and  runs 
upwards  and  inwards  to  join  the  inferior  vena  cava. 

The  depressed  area  is  not  in  contact  with  peritoneum ;  the 
part  which  lies  adjacent  to  the  upper  border  is  in  contact  with 
the  under  surface  of  the  right  lobe  of  the  liver  (fig.  3),  while  the 
part  along  the  inner  border  is  underneath  the  inferior  vena 
cava  (fig.  3),  and  separated  thereby  from  the  first  part  of  the 
duodenum. 

The  remaining  or  elevated  portion  of  the  anterior  sur&ce  is 
underneath  the  reflection  of  peritoneum,  which  passes  from  the 
upper  part  of  the  kidney  to  the  under  surface  of  the  right  lobe 
of  the  liver  (hepato  renal  fold).  This  raised  portion  of  the 
anterior  surface  is  over  that  portion  of  the  posterior  sur&ce 
which  lies  on  the  upper  and  inner  part  of  the  kidney,  while  the 
depressed  area  is  over  the  portion  of  the  posterior  surface  which 
lies  on  the  cms  of  the  diaphragm. 

Owing,  however,  to  the  obliquity  of  the  undulation  (fig.  2)  in 
the  suprarenal,  these  corresponding  surfaces,  viz.,  (1)  depressed 
region  on  anterior  surface  and  impression  for  cms  on  posterior 
surface,  and  (2)  raised  peritoneal  area  on  anterior  suriace  and 
impression  for  kidney  posteriorly,  are  not  of  the  same  size, 
but,  roughly  speaking,  vary  inversely.  The  raised  peritoneal 
8ur£Bu^  is  the  larger  on  the  anterior  surface,  while  the  surface 
for  the  kidney  is  the  smaller  on  the  posterior  surface  (vide 
fig.  2). 

On  the  posterior  surface  (vide  figs.  4,  5)  the  undulation  seen 
on  the  anterior  aspect  is  much  more  marked,  the  elevation  being 
bigger  and  not  so  bent  over  (vide  figs.  2,  5).  As  a  result,  the 
posterior  surface  is  not  so  flattened  as  the  anterior  surface,  and 
is  divided  into  two  secondary  areas,  which  do  not  lie  in  the  same 
plane,  and  which  join  at  a  somewhat  obtuse  angle  (fig.  2).  The 
outer  and  smaller  area  looks  backwards,  but  is  so  tilted 
forwards  by  the  underlying  kidney  that  it  looks  also  downwards. 
The  inner  larger  surface  is  directed  backwards,  and  is  flattened 
on  the  cms  of  the  diaphragm  (fig.  4). 

The  undulation  is  the  prominent  boundary  between  the  two 
secondary  areas  on  the  posterior  surface.  The  two  secondary 
posterior  areas  in  early  life  appear  so  distinct  as  to  suggest 
a   description  of  three  surfaces  to  the  suprarenal  body — viz., 
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anterior,  posterior  ia  contact  with  the  cms  of  the  diaphragm,  and 
an  inferior  in  contact  with  the  kidney.  In  adult  life,  however, 
the  suprarenal  thickens,  and  this  appearance  is  less  prominent. 
A  description  of  anterior  and  posterior  sur&ces,  which  are  each 
divisible  into  two  by  an  undulation,  is  perhaps  preferable,  and, 
as  will  be  seen  later,  renders  the  description  of  the  two  supra- 
renals  more  alike. 

The  presence  of  the  undulation  is  due  to  this  body  being 
packed  between  the  liver  and  inferior  vena  cava  in  front, 
which  tend  to  depress  the  sur&ces  they  are  in  contact  with,  and 
the  kidney  behind^  which  presses  the  rest  of  the  anterior  sur&ce 
into  a  prominent  position,  while  the  space  between  the  crus 
and  the  kidney  is  responsible  for  the  projecting  spur  of  the 
undulation  posteriorly. 

The  obliquity  of  the  undulation  (vide  fig.  2)  may  be  due  to 
the  differences  of  the  surfaces  which  exert  pressure  on  the  an- 
terior and  on  the  posterior  surfaces  respectively  of  the  supra- 
renal body. 

Anteriorly,  the  inferior  vena  cava,  the  part  of  the  liver  un- 
covered by  peritoneum,  and  the  peritoneal  surface  of  the  right 
lobe  of  the  liver,  present  a  fairly  uniform  surface,  which  flattens 
out  the  whole  of  the  anterior  surface  of  the  suprarenal,  and 
prevents  what  would  be  the  spur  of  the  undulation  from  pro- 
jecting much  above  the  general  surface  of  the  organ. 

Posteriorly,  on  the  other  hand,  there  is  a  notch  between  the 
crus  of  the  diaphragm  and  the  kidney,  which  receives  the  spur 
of  the  undulation,  and  allows  it  to  be  a  fairly  prominent  feature 
on  this  surface. 

The  Left  Suprarenal, 

The  left  »upra/renal  body  lies  along  the  inner  margin  of  the 
upper  half  of  the  kidney,  which  it  overlaps ;  it  passes  on  to  the 
upper  margin  of  the  kidney  for  a  short  distance  only. 

The  outline,  as  viewed  from  the  front  {vide  fig.  6),  is  roughly 
crescentic,  with  the  inferior  angle  rounded.  The  internal  border 
is  convex,  and  looks  inwards  and  slightly  upwards,  while  the 
concavity  or  outer  border  is  in  contact  with  the  kidney. 

There  are  two  angles — the  superior,  directed  slightly  outwards, 
and  the  inferior. 
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There  are  two  surfaces,  anterior  and  posterior,  each  of  which 
are  divided  into  internal  and  external  areas  (figs.  6,  7).  The 
anterior  surface  is  in  contact  superiorly  with  the  spleen  above 
the  point  where  the  posterior  portion  of  the  internal  surface  of 
that  organ  is  moulded  on  the  kidney.  Internally  to  the  spleen 
the  cardiac  extremity  of  the  stomach,  close  to  the  entrance  of 
the  oesophagus,  lies  in  contact  with  this  surface.  This  part  of 
the  suprarenal  body  is  covered  by  the  peritoneum  lining  the 
lesser  sac  of  the  peritoneum. 

The  lower  half  of  the  anterior  surface  is  covered  by  the  pan- 
creas and  splenic  euiiery,  and  so  is  not  in  contact  with  the  peri- 
toneum. 

The  lower  border  of  the  suprarenal  can,  however,  be  seen  under 
the  peritoneum,  at  the  lower  border  of  the  pancreas,  when  that 
organ  is  slightly  displaced  upwards. 

The  anterior  surface  is  flat,  and  is  traversed  by  a  deep  groove, 
from  which  the  suprarenal  vein  runs  downwards  to  join  the  left 
renal  vein. 

This  groove  runs  from  above  downwards  and  inwards, 
dividing  the  anterior  surface  into  (a)  an  outer  and  inferior,  and 
(b)  upper  and  inner  areas.  Near  the  superior  angle  these 
areas  are  equal,  but  below  the  outer  becomes  the  larger 
(fig.  6),  and  forms  the  lower  rounded  extremity  of  the  supra- 
renal 

On  the  posterior  surface  there  is  a  projection  (fig.  7)  pro- 
duced by  the  groove  on  the  anterior  surface,  which  passes 
almost  at  right  angles  to  the  plane  of  the  anterior  surfEice 
between  the  crus  of  the  diaphragm  and  the  kidney.  This  un- 
dulation in  the  left  suprarenal  body  is  vertical,  and  not  oblique 
as  in  the  case  of  the  right  suprarenal  body.  Hence  the  areas 
on  the  anterior  and  posterior  surfaces  which  it  produces  corre- 
spond to  each  other  in  size. 

On  the  posterior  surface  there  is  a  larger  area,  directed  back- 
wards and  outwards,  which  fits  on  to  the  kidney,  separated  by 
the  undulation  firom  the  small  area  for  the  crus  of  the  dia- 
phragm, which  looks  inwards  and  backwards.  Internally  the 
suprarenal  is  thick,  while  externally  it  is  thin  and  expanded. 
The  external  area  just  overlies  the  renal  vessels  in  the  hilum 
of  the  kidney;  the  internal  area  may  just  cover  the  outer 
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border  of  the  left  semiluimr  ganglion,  but  this  is  not  a  constant 
relation. 

The  difference  in  the  undulations  in  the  two  suprarenals  evi- 
dently depends  on  some  difference  in  the  packing  of  the  two 
organs,  and  the  most  probable  explanation  of  the  more  com- 
plicated form  of  the  undulation  on  the  right  side  is  the  close 
relation  of  the  firm  liver  and  the  considerable  pressure  exerted 
thereby  on  the  suprarenal. 

Of  the  two  suprarenals,  the  right  is  usually  flattened  and  ex- 
panded, while  the  left  is  compact.  Sometimes,  however,  the 
right  is  compressed,  and  tends  to  resemble  the  left  in  form. 

Numerous  weighings  showed  that  both  suprarenals  averaged 
about  a  drachm,  the  left  being  rather  the  heavier. 

For  the  Drawings  which  illustrate  this  communication  I  grate- 
fully acknowledge  my  indebtedness  to  0.  H.  Goldsmith,  B.A.^ 
a  senior  student  of  St  Qeorge's  Hospital. 

Accessory  Suprarenals. 

Small  accessory  suprarenals  are  often  present  in  the  connec- 
tive tissue  around  the  suprarenals.  They  are  usually  round  and 
quite  small.  They  are  often  multiple.  The  largest  I  have  seen 
were  rather  bigger  than  a  cherry-stone.  There  are  not  unfre- 
quently  small  white  elevations  on  the  surface  of  the  suprarenals,. 
like  split  peas,  composed  of  suprarenal  cells  in  a  more  marked 
stage  of  fatty  infiltration  than  is  usually  met  with  in  the  cells 
of  the  cortex,  which,  however,  in  the  adult  normally  show  fatty 
infiltration.    They  have  been  called  Adenomata.^ 

Accessory  suprarenal  bodies  differ  from  these  adenomata  in 
being  separate  from  the  suprarenal,  and  in  possessing  a  capsule 
of  their  own,  and  in  showing  little  fatty  infiltration. 

On  section,  some  of  the  accessory  suprarenals,  especially  the 
smaller  ones,  show  a  uniform  surface,  and  no  distinct  medulla 
can  be  made  out,  either  by  the  naked  eye  or  by  the  microscope. 

This  agrees  with  Duckworth's  observations  (St  BaHlioLomew*9 
Hospital  Reports,  vol.  L  p.  230).  However,  the  larger  accessory 
suprarenals  show  on  section,  both  to  the  naked  eye  and  the 
microscope,  a  central  medulla. 

^  Wilks'  PcUhologiecU  Anatomy^  p.  510. 
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On  one  occasion  I  found  the  suprarenal  body  to  be  partially 
outside  and  partially  inside  the  kidney.  Microscopic  sections 
showed  the  fibrous  capsule  of  the  kidney  fading  away,  and 
leaving  the  elements  of  the  kidney  and  suprarenal  body  in 
contact,  with  no  distinct  line  between  the  two. 

The  presence  of  accessory  suprarenals  embedded  in  the  sub- 
stance of  the  kidney  has  been  described  by  German  Anatomists 
and  Pathologists. 


EXPLA]S^ATION  OF  PLATE  XIII. 

Fig.  1.  Anterior  surface  of  right  suprarenal,  showing  elevated  area 
covered  by  peritoneum,  and  depressed  area  in  contact  above  with  the 
liver  and  internally  with  the  inferior  vena  cava.  Undulation  separat- 
ing depressed  and  elevated  areas.  Suprarenal  vein  running  upwards 
and  onwards  to  open  into  the  inferior  vena  cava.  Three  borders; 
three  angles.     Line  of  section  seen  in  fig.  2. 

Fig.  2.  Section  of  right  suprarenal  as  seen  on  face  of  small  portion 
external  to  line  of  section  in  fig.  L  The  obliquity  of  the  undulation 
is  shown.  The  anterior  surface  is  divided  into  smaller  area  for  direct 
contact  with  liver  and  inferior  vena  cava,  and  larger  elevated  area  for 
peritoneum.  The  posterior  surface,  divided  into  smaller  area  for 
kidney  and  larger  area  for  the  cms  of  diaphragm. 

Fig.  3.  Anatomical  relations  of  right  suprarenal  body;  the  anterior 
border  of  the  liver  has  been  raised  so  as  to  expose  the  suprarenal. 
Depressed  area  in  outline  seen  in  contact  with  and  under  the  inferior 
vena  cava  and  the  liver. 

Fig.  4.  The  right  suprarenal  body  from  behind.  Larger  area  for 
cms,  situated  above  and  internally.  Smaller  area  for  kidney,  below 
and  externally.  Undulation  separating  the  two  areas.  The  line  of 
section,  which  is  shown  in  fig.  5. 

Fig.  5.  Showing  cut  end  of  that  half  of  the  right  suprarenal  which 
in  fig.  4  lies  to  the  right  of  the  drawing.  Anterior  surface,  smaller 
internal  depressed  area  and  larger  external  elevated  area.  Posterior 
surface,  larger  internal  area  for  crus,  and  smaller  external  area  for 
kidney. 

Fig.  6.  Anterior  surface  of  the  left  suprarenal  body.  The  external 
area  on  the  posterior  surface  is  represented  deeply  shaded.  Groove 
with  suprarenal  vein.  Superior  pointed  angle.  Inferior  rounded 
angle.  Internal  smaller  area.  External  larger  area.  Line  of  sec- 
tion, represented  in  fig.  7. 

Fig.  7.  Showing  lower  end  of  the  upper  piece  cut  across  in  section 
indicated  in  fig.  6.  The  undulation  in  the  suprarenal  is  nearly 
vertical  to  the  plane  of  the  anterior  surface.  On  posterior  surface — 
internal  area  for  crus,  external  area  for  kidney. 


NOTE  ON  THE  ABSENCE  OF  THE  SUBCLAVIUS  MUSCLE. 
By  J.  W.  Crerab,  M.B.,  Demonstrator  of  Anatomy,  University , 
Edinburgh, 

This  abnormal  condition  was  discovered  in  a  well-developed,  muscular, 
adult  female  subject^  in  the  dissecting  room  of  the  University  of 
Edinburgh,  during  the  winter  session  1891-92.  On  the  left  side  the 
subclavius  muscle  was  replaced  by  a  strong  fibrous  band  extending 
from  the  upper  border  of  the  first  rib,  just  external  to  its  osteo- 
chondral junction,  to  the  inferior  surface  of  the  clavicle  external  to 
the  attachment  of  the  rhomboid  ligament,  with  which  it  was  con- 
tinuous. The  costo-coracoid  membrane  was  complete,  and  was  pro- 
longed downwards  as  a  thin  layer  to  the  upper  border  of  the 
pectoralis  minor.  It  was  continuous  superiorly  and  internally  with 
the  fibrous  band  before  mentioned.  It  was  traversed  by  the  usual 
structures — that  is  to  say,  by  the  cephalic  vein,  acromio-thoracic 
branches  of  the  axillary  artery,  and  the  external  anterior  thoracic 
nerve.  The  pectorales  major  and  minor  were  similar,  and  normal 
in  size  and  attachments  on  both  sides.  The  clavicle  was  slender, 
153  mm.  long,  and,  but  for  the  absence  of  a  distinct  subclavian 
groove,  was  otherwise  normal.  The  upper  part  of  the  chest  wall  dis- 
played no  abnormality  of  shape.  Microscopic  examination  of  a 
portion  of  the  fibrous  hand  revealed  no  trace  of  muscular  fibre. 

The  rigkt  subclavicular  region  was  normal  in  all  respects. 

Eolliker  ^  records  a  case  where  a  similar  condition  obtained — ^the 
subclavius  of  the  left  side  being  replaced  by  a  ligament;  and  Gruber  ^ 
notes  the  total  absence  of  the  subclavius  muscle  in  an  abnormal 
foetus. 


CASES  OF  MECKEL'S  DIVERTICULUM.  By  T.  N.  Kkltnack. 
M.B.,  Ch.B.,  Pathologist,  Manchester  Royal  Infirmary;  Demon- 
straior  and  Assistant  Lecturer  in  Pathology,  The  Owens  College, 

As  a  supplementary  note  to  the  recent  report  of  the  Collective  In- 
vestigation Committee  of  the  Anatomical  Society,^  a  brief  record  of 
the  following  cases  of  Meckel's  diverticulum,  observed  in  the  Post- 
Mortem  Theatre  of  the  Manchester  Royal  Infirmary  during  the  last 
few  months,  may  be  of  interest. 

Among  the  last  298  cases  (213  males,  85  females),  where  abdo- 

^  Quoted  by  Testnt,  Anomalies  Mu9ciUaxrcs^  1884,  p.  46. 

2  Vircliow's  ArchiVf  voL  xl.  p.  434. 

'  J<mr,  o/Anai'.  andPhys.,  Oct.  1891,  p.  91. 
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minal  examination  was  made,  4  cases  of  diyerticulum  ilei  (Meckel's) 
have  been  noted,  all  in  males.     Subjoined  are  brief  descriptions : — 

Case  1. — Male,  »t.  58.  Death  from  suppurative  peritonitis  result- 
ing from  perforation  of  chronic  round  ulcer  of  the  duodenum. 

Meckel's  diverticulum  ^  present  as  a  small  nipple-shaped  cul-de-sac; 
situated  40  inches  above  caecum. 

Cixse  2. — ^Male,  »t.  34.     Death  from  "  stone-masons'  phthisis." 

Meckel's  diverticulum,^  5^  inches  long ;  contains  no  faeces ;  situated 
21  inches  above  ileo-caecal  valve.  A  fibrous-like  cord  anchors  tip  of 
fimdus  to  parietal  peritoneum,  just  a  little  behind  and  below  bladder. 
It  would  appear  as  though  this  cord  of  attachment  might  have  broken 
away  from  umbilicus  or  abdominal  waU,  and  subsequently  have  con- 
tracted fresh  adhesion  to  present  site.  By  this  attachment  an  arch, 
or  rather  ring,  is  formed,  through  which  intestine  might  readily  have 
become  herniated. 

Case  3. — ^Male,  aet.  42.  Alcoholic  subject,  death  from  acute  croup- 
ous pneumonia. 

Meckel's  diverticulum,^  3^  inches  long,  2  inches  wide ;  distended 
with  gas,  and  containing  no  foeces ;  free,  no  adhesions ;  situated  40 
inches  above  ileo-csBcal  valve. 

Case  4. — ^Male,  aet.  53.     Death  from  latent  gastric  carcinoma. 

Meckel's  diverticulum,  1^  inch  long;  nipple-shaped;  distended 
with  gas,  and  containing  no  faeces ;  projecting  freely ;  situated  in 
umbilical  region,  36  inches  above  caecum. 


ADDITIONAL  NOTE  ON  BIFURCATION  OF  THE  FEMORAL 
ARTERY.  By  Jambs  Musorovb,  M.D.,  M.R.C.S.,  Demonstrator 
of  Anatomif,  Edinbnrgh  University. 

In  connection  with  a  case  of  Bifurcation  of  the  Femoral  Artery 
recently  recorded  in  this  Journal,^  1  published  a  table  showing  the 
examples  which  had  previously  been  described,  and  included  the  case 
by  Ducachet  (No.  6  in  the  list)  cited  by  Henle,  at  the  same  time 
expressing  doubt  about  it.  Since  then,  I  have  received,  through  the 
kindness  of  Mr  J.  G.  Rodger  of  New  York,  the  account  of  the  case  as 
originally  published  in  the  American  Medical  Times,  March  1863, 
which  justifies  the  doubt  then  expressed.  The  account  reads  as 
follows: — "Henry  Klumpater,  private  of  Company  18th,  New  York 
Vol's,  received  a  shell  wound  Aug.  30.62.  The  patella  and  outer 
condyle  of  the  femur,  with  a  considerable  portion  of  the  Tibia,  were 
carried  away.  He  was  admitted.  Sept  9th,  to  Fairfax  Seminary 
Hospital  Amputation  was  performed  Sept.  17th  under  chloroform. 
On  account  of  the  enormous  size  of  the  leg  due  to  swelling,  and  the 

^  Specimen  in  Pathological  Museum  of  The  Owens  College. 
*  Jour.  ofAnat,  aTid  Phys.,  vol.  xx?i  (n.s.  vol.  vi.),  pt.  2. 
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difficulty,  when  such  is  the  case,  in  controlling  the  heemorrhage  with 
the  tourniquet,  it  was  thought  best  to  secure  the  femoral  with  a 
ligature  before  amputation.  The  surgeon  in  charge  (Dr  D.  R.  Smith), 
on  making  the  section  of  the  upper  flap,  cut  an  artery  the  size  of  & 
large  quill,  which  bled  profusely.  The  patient  died  on  the  21st,  and 
dissection  showed  the  existence  of  two  femoral  arteries.  The  one 
that  had  been  ligatured  was  in  its  normal  position  with  the  profunda 
given  off  at  its  usual  place.  The  other  was  of  nearly  the  same  size, 
and  given  off  just  below  Poupart's  ligament.  The  two  were  distant 
at  the  point  of  ligation  about  two  inches." 

From  the  description  it  is  evident  that  this  is  not  a  case  of  bifurca- 
tion of  the  femoral,  but  rather  an  example  of  a  vas  aberrans,  such  as 
is  represented  by  Tiedemaun  in  one  of  his  plates.^  Because  it  will 
be  observed  that  the  two  vessels  were  not  close  together,  but  sepa- 
rated by  a  distance  of  two  inches,  and  the  division  took  place  close  to 
Poupart's  ligament^  and  not,  presumably,  below  the  origin  of  the 
profunda.  Ducaohet's  case  must,  therefore,  be  removed  from  the 
list 

*  TcUf.  ArL  Corp.  Hum.,  Taf.  IL  fig.  2. 


MACRODACTYLY,  AND  SOME  OTHER  FORMS  OF  CON- 
GENITAL OVER  WTH,  AND  THEIR  RELATION  TO 
TUMOURS.  By  Sir  Gborgb  Murray  Humphry,  M.D.,  LL.D., 
F.R.S.,  Professor  of  Surgery  in  the  University  of  Cambridge, 

(Read  at  the  Ro^al  Medioo-Ghinirgical  Society  of  London,  Febraary  10,  1891, 
and  reprinted  from  vol.  Izzziv.  of  the  Society's  Tranaactions,) 

In  the  Pathological  Museum  of  the  University  of  Cambridge  are  the 
six  following  specimens  and  casts  : — 

1.  The  hypertrophied  second  toe  amputated  from  a  child  eet.  4, 
by  Mr  Morris,  of  Bishop-Stortford.  At  birth  it  was  thrice  the  size 
of  the  great  toe,  and  grew  more  rapidly  than  the  other  parts.  The 
phalanges  are  of  great  length,  but  not  otherwise  diseased.  The 
tendons  are  proportionately  large,  and  there  is  a  superabundance  of 
skin  and  adipose  tissue  all  round. 

2.  A  cast  presented  by  Mr  C.  W.  Cathcart,  of  Edinburgh,  of  the 
giant  middle  finger  of  a  child  8Bt.  20  months.  The  condition  was 
congenital ;  but  the  finger  had  grown  out  of  proportion  to  the  other 
fingers,  and  was  amputated  by  Mr  Joseph  Bell. 

3.  A  cast  presented  by  Mr  C.  W.  Cathcart  of  the  great  toe  of  a  girl 
set.  13.  The  affection  was  congenital.  The  second  toe  had  still  larger 
proportions,  and  was  amputated  in  childhood. 

4.  A  cast,  taken  and  presented  by  G.  May,  of  Trinity  College,  of 
the  left  foot  of  a  woman  set.  45,  in  the  London  Hospital.  The  two 
inner  toes  and  the  inner  side  of  the  foot  hypertrophied  from  birth. 

Left  foot  Right  foot 

The  inner  border  of  the  foot  from  the  point  of 

the  heel  to  the  end  of  the  great  toe      .  18^  in.  ...     10  in. 

Circumference  of  great  toe  near  the  end  7  ...      2^ 

,,  of  second  toe        ,,  5  ...       l| 

Onter  border  of  foot 7  ...      7 

The  sole  is  flat,  and  bulges  on  the  inner  side  as  in  ''flat-foot." 
No  similar  condition  in  any  member  of  her  family  or  any  of  her 
children. 

5.  A  cast  of  congenital  hypertrophy  of  the  fore  and  middle  fingers 
of  the  right  hand  of  a  boy  set.  12.  The  forefinger  measures  from  the 
metacarpal  bone  four  inches  and  a  half,  the  second  and  third  phal- 
anges measuring  two  inches  and  three  quarters,  circumference  of 
thickest  part  three  inches  and  three  quarters.  The  middle  finger 
measures  three  inches  and  three  quarters  in  length,  in  circumference 
three  inches,  and  is  remarkably  deflected  towards  the  ulnar  side  in  the 
second  and  third  phalanges.  The  thumb  and  other  fingers  normal. 
The  cast  was  presented  by  Dr  T.  J.  Walker,  of  Peterborough,  who  am- 
putated the  two  hypertrophied  fingers  because  they  were  stifle,  much 
in  the  way,  and  a  source  of  mortification  to  the  boy.     The  growth 
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was  not  disproportionate  to  that  of  the  other  fingers.     There  was  no 
similar  condition  in  any  member  of  the  family. 

6.  The  cast' of  the  foot  of  a  lad  sBt.  9,  whom  I  saw  on  the  beach  at 
Cromer  in  1837,  and  whom  I  took  to  the  Norwich  Hospital,  where 
he  was  under  the  care  of  Mr  Crosse,  whose  apprenticed  pupil  I  then 
was.  The  enlargement,  as  seen  in  the  accompanying  rough  sketch, 
was  great,  and  affected  the  three  inner  toes  of  the  right  foot  It 
was  congenital,  and  proceeded  with  a  rapidity  out  of  proportion  to 
the  general  growth ;  and  it  was  extending  upon  the  sole  more  mani- 


festly than  in  any  other  direction.  The  two  outer  toes  were  rather 
smaller  than  the  corresponding  toes  of  the  other  foot.  The  mass 
appeared  to  be  chiefly  composed  of  fat  covered  with  rather  coarse 
skin,  and  the  nails  of  the  hallux  and  second  toe  were  much  larger 
than  natural.  The  affected  toes  were  much  extended,  and  the 
extensor  tendons  tight.  No  tenderness  or  pain.  The  muscles 
of  the  leg  were  enlarged,  and  the  lad  could  run  about  as  well 
as  other  boys.  His  father,  mother,  brothers,  and  sisters  were  fine, 
well-made  persons.  The  hypertrophied  parts,  being  unsightly, 
cumbrous,  and  increasing,  were  removed  by  Mr  Crosse,  the  ends  of 
the  enlarged  metatarsal  bones  being  taken  away,  and  sufficient  skin 
saved  from  the  dorsum  of  the  foot  to  cover  the  sole  and  leave  a  good 
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useful  foot,  with  little  deformity  or  inconyenience;  It  was  necessary 
to  dissect  out  the  fatty  substance  which  extended  up  between  the 
metatarsal  bones.  The  mass  was  composed  -  mainly  of  adipose 
substance.  The  bones  were  enlarged,  but  not  otherwise  diseased. 
The  specimen,  from  which,  however,  the  bones  have  been  removed,  is 
in  the  museum  of  the  Norwich  Hospital ;  and  Mr  Thomas  Crosse, 
the  indefatigable  curator  of  the  museum,  was  good  enough  to  take  it 
out  of  the  bottle  the  other  day  and  verify  my  recollections  of  it. 

Curling  ^  records  the  case  of  a  girl  (No.  7)  in  whom  the  fore, 
middle,  and  ring  fingers  of  the  right  hand,  and  the  thumb,'  index,  and 
middle  fingers  of  the  left  hand  were  greatly  hypertrophied,  all  the 
parts — bones,  articulations,  integuments,  and  nails — being  developed 
in  excess.  The  middle  finger  of  the  left  hand  was  remarkably  curved 
outwards  (to  the  ulnar  side),  this  having  been  ''occasioned  apparently 
by  a  displacement  of  the  extensor  tendon,  which  forms  a  bridle  along 
the  outer  edge ;  **  the  movements  of  the  fingers  but  little  impaired. 
The  fingers  felt  cold.  Pulsation  in  the  digital  arteries  indistinct. 
The  fingers  were  remarkably  large  at  birth,  and  had  grown  out  of 
proportion  to  the  rest  of  the  body.  He  mentions  the  following: — 
(No.  8)  A  child  aged  two,  seen  by  Professor  Owen,  with  the  middle 
finger  of  each  hand  twice  as  long  and  more  than  twice  as  thick  as  the 
index.  (No.  9)  A  cast,  with  particulars  by  Sir  James  Paget,  of 
the  right  hand  of  a  man  aged  fifty,  with  hypertrophied  first  and 
second  fingers;  the  second  was  of  enormous  size,  and  curved  outwards 
as  in  No.  7.  The  parts  bore  the  same  proportion  as  at  birth,  and 
were  not  the  cause  of  any  inconvenience.  (No.  10)  The  cast  of  the 
hand  of  an  adult  in  the  museum  of  King's  College,  with  the  middle 
finger  congenitally  hypertrophied.  The  hands  of  other  members  of  the 
family  are  reported  to  have  been  deformed  in  a  similar  manner. 
(No.  11)  The  case  of  a  girl  aged  five,  by  Mr  Power,  of  Dublin,^ 
with  the  middle  finger  of  the  right  hand  much,  and  the  index  and 
ring  finger  somewhat  enlarged,  particularly  the  ring  finger,  which 
was  divaricated  from  the  middle  in  consequence  of  its  abnormal 
growth.  (No.  12)  Dr  John  Reid'*  gives  the  case  of  a  boy  aged 
thirteen,  in  whom  there  was  increased  nutrition  of  the  thumb  and 
first  finger  of  the  left  hand.  The  enlargement  was  associated  with 
enlargement  of  the  radial  artery,  and  elevation  of  temperature  was 
observed  at  birth,  and  continued  to  increase.  In  this  paper  Dr  Eeid 
also  describes  the  case  (No.  13)  of  a  lad  aged  fifteen,  with  congenital 
hypertrophy  of  the  whole  of  the  left  upper  limb  including  the 
scapula ;  and  (No.  14)  that  of  a  girl  aged  two,  with  congenital 
hypertrophy  of  the  middle  toe,  which  equalled  in  bulk  all  the 
remaining  four  toes,  the  phalanges  and  metatarsal  bone  being  of  great 
size. 

Busch,  in  an  excellent  article,^  relates  two  cases.     One  (No.  15)  a 
man  aged  twenty,  with  congenital  hypertrophy  and  deformity  of  the 

^  MedieO'Chirurgical  TranaactionSy  zxyiii.  837. 

'  Dttblin  Journal  of  Med.  ScieTuXf  xvii.  244. 

'  LoTidon  and  Edin,  Monthly  Journal  of  Med,  SCy  1843,  p.  198. 

^'Langenbeck's  ArchivfUr  klinische  Chirurffie,  yii.  174,  pi.  vi. 
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three  inner  toes,  which  were  much  over-extended,  and  the  adjacent 
part  of  the  sole  of  the  right  foot^  the  growth  proceeding  out  of 
proportion  to  the  rest  of  the  body,  and  advancing  along  the  sole 
(resembling,  in  short,  No.  6).  PirogofTs  amputation  was  performed. 
The  phalanges,  metatarsals,  and  inner  tarsal  bones  were  enlarged, 
especially  at  their  articular  ends ;  and  these  were  deformed,  tuber- 
Gulated,  and  in  some  instances  ankylosed ;  the  ligaments  thick,  and 
the  synovial  fringes  pronounced  ;  much  and  disproportionate  increase 
of  fatty  tissue,  causing  deformity  and  bulk ;  the*  arteries  and  nerves 
unaltered;  the  dorsed  veins  in  part  greatly  thickened  by  fibrous 
formation  in  concentric  sheets  in  their  walls  without  increase  of 
lumen;  two  outer  toes  quite  free  from  hypertrophic  change;  the 
small  muscles  of  the  foot  tiiin  and  pale,  but  the  tendons  passing  from 
the  leg,  especially  that  of  the  tibialis  posticus,  very  thick ;  two  small 
fat  swellings  in  front  of  the  tibia ;  the  tibia  and  fibula  rather  larger 
but  not  thicker  than  those  of  the  other  leg ;  the  thighs  of  equal 
length. 

Busch's  second  case  (No.  16)  was  a  girl  aged  twelve,  with 
hypertrophic  condition  of  the  second  and  third  toes  of  the  right  foot, 
which  were  over-extended  and  projected  beyond  the  other  toes.  Being 
inconvenient,  unsightly,  and  disproportionately  increasing,  they  were 
removed,  and  the  projecting  end  of  the  second  metacarpal  was 
removed  also.  The  hypertrophy  of  the  bones  affected  chiefly  their 
ends  (the  epiphyses).  The  capsular  ligaments  were  very  thick,  and 
contained  cartilage  nodules  near  their  attachments.  The  joints  were 
in  other  respects  normal,  as  also  were  the  arteries,  veins,  nerves,  and 
tendons.  The  fatty  tissue  on  the  dorsal  as  well  as  on  the  plantar 
aspect  was  much  increased. 

Busch  quotes  a  case  (No.  17,  from  Graefe  ^)  where  Klein  amputated 
an  hypertrophied  forefinger  of  the  left  hand  (sex  and  age  not  given), 
the  second  and  third  phsJanges  of  which  projected  laterally  over  the 
other  fingers.  No  vessel  required  ligature  at  the  time,  though  there 
was  some  bleeding  afberwards;  a  case  (No.  18)  by  Guersant^  of 
hypertrophy  of  the  fourth  and  fifth  fingers ;  a  case  from  Bobm  ^  (No. 
19)  of  a  girl  aged  sixteen,  in  whom  the  second  toe  of  the  left  foot 
was  three  times  as  long  and  twice  as  thick  as  that  of  the  other  foot. 
The  examination  of  the  part  when  amputated  showed  nothing 
abnormal  in  the  arteries  and  nerves.  The  plantar  fat-pads  were 
large,  and  the  ligaments  thick.  (No.  20)  Wagner  ^  describes  the 
case  of  a  lad  (aged  eighteen)  in  whom  all  the  right  hand  (except  the 
thumb,  which  was  smaller  than  that  of  the  left  hand)  and  the  forearm 
were  hypertrophied,  and  grew  out  of  proportion  to  the  rest  of  the 
body.  The  end  of  the  forefinger,  which  was  small,  was  over-extended. 
The  size  was  apparently  due  chiefly  to  fat-growths.  There  was  also 
a  fat-growth  about  the  right  breast,  extending  from  the  sternum  to 
the  axilla,  which  had  begun  when  he  was  five  years  old.     (No.  21) 

^  From  Qraefe  and  JVaUher's  JowmcUf  vol.  vL 

>  OaaietU  des  H^pUaux,  1857,  p.  468. 

'  Tfuimgural'dissertation  Uber  Maerodaciylie,  Giessen,  1856. 

*  Schmidt* 8  JahrbOcher,  iii.,  Supplementband,  1842,  8.  66. 
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Legendre,  quoted  by  Bohm,  saw  a  child  aged  four  and  a  half  with 
hypertrophy  of  the  fourth  and  fifth  fingers  and  the  ulnar  side  of  the 
hand,  chiefly  on  the  palmar  aspect.  The  fourth  finger  was  bent 
backwards  and  to  the  radial  side  in  consequence  of  inequality  of 
growth  of  the  two  sides.  (No.  22)  Ideler  (in  seiner  Dissertationy 
Berlin,  1855)  gives  the  case  of  a  lad  aged  twelve,  in  whom  there 
was  hypertrophy  of  the  three  middle  toes,  including  the  metatarsal 
bones,  of  both  feet,  with  lipomatous  condition  of  the  toes  and  soles 
and  somewhat  of  the  dorsa ;  several  small  lipomata  in  the  left  leg, 
and  a  large  congenital  lipoma  in  the  left  buttock.  In  consequence  of 
the  increasing  deformity  the  fore  parts  of  both  feet  were  removed  by 
amputation,  and  the  metatarsals  and  phalanges  of  the  three  middle 
toes  were  of  abnormal  length.  The  other  toes  appear  to  have  been 
rather  undersized.  (No.  23)  Wulif  ^  gives  the  case  of  a  man  aged 
thirty-two,  in  whose  right  hand  the  first  three  fingers  (thumb,  index, 
and  middle  fingers)  were  congenitally  hypertrophied.  The  growth 
had  continued  pari  passu  with  that  of  the  rest  of  the  body,  but  the 
increase  had  been  greater  in  the  last  few  years.  There  was  much 
enlargement  of  the  bones,  especially  in  the  neighbourhood  of  the 
metacarpo-phalangeal  joint  of  the  thumb,  the  terminal  joint  of  the 
index,  and  both  the  phalangeal  joints  of  the  middle  finger ;  external 
bending  of  the  fingers,  and  great  increase  of  the  fat-tissue.  The 
arteries  were  apparently  alike  in  the  two  limbs.  (No.  24)  Burow^ 
mentions  a  Polish  girl  aged  six,  with  hypertrophy  of  the  second  and 
third  toes  with  their  metatarsals.  The  increase  was  proceeding 
quickly,  and  the  parts  were  removed.  (No.  25)  Mr  Holmes^ 
represents  the  cast  of  the  left  foot  and  leg  of  a  child  aged  twenty 
months,  afifected  with  congenital  enlargement  of  the  foot  and  leg, 
which  was  so  inconvenient  and  on  the  increase  that  amputation  in  the 
leg  was  performed,  under  the  impression,  he  believes,  that  the 
disease  was  of  malignant  nature.  Aiiatomical  examination,  however, 
showed  that  the  bulk  was  due  to  an  unusual  deposition  of  fat  and 
cellular  tissue,  the  muscles  as  well  as  the  bones  being  normaL 

It  appears  from  the  above-recited  cases  (more  might  doubtless  be 
collected)  that  the  parts  more  frequently  affected  with  this  congenital 
"overgrowth,"  "hyperplasia,"  "hypertrophy,"  or  " macrodactyly," 
are  the  digits  on  the  inner — the  radial  and  tibial — sides  of  the 
hands  and  feet,  more  particularly  the  second  and  third  digit  in  the 
hand,  and  the  first,  second,  and  third  in  the  foot ;  though  in  some 
cases  (Nos.  20  and  21)  the  other  digits  were  affected.  In  Nos.  6  and 
22  the  unaffected  digits  were  somewhat  undersized.  The  adipose 
tissue,  the  bones,  and  the  skin  ^  participated  in  the  overgrowth,  and 
usually  in  a  proportionate  degree ;  though  in  some  the  adipose  tissue 

1  Petersburger  Tried.  ZeUschrifly  1861,  10  Heft,  s.  281. 
>  Deutsche  Klinik,  1864,  No.  27. 

•  System  of  Surgery ^  iii.  798. 

*  I  do  not  find  it  observed  that  the  cutis  or  the  cnticle  was  very  thick,  or  the 
hair  long  or  superabundant,  in  any  of  the  cases,  as  is  so  often  seen  in  "moles." 
Tlie  large  size  of  the  nails  was  a  consequence  of  and  proportionate  to  the  large 
matrix  from  which  they  grew. 
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was  increased  to  a  disproportionate  extent.  The  ligaments,  the  syno- 
vial fringes  of  the  joints,  and  the  tendons  were  in  some  observed  to  be 
enlarged.  In  No.  15  there  was  marked  increase  of  the  fibrous  tissue 
in  the  coat  of  one  of  the  veins.  In  this  case  also  the  articular  ends 
of  the  bones  were  nodulated  and  deformed,  and  in  one  joint  ankjlosed, 
the  parts  thus  presenting  a  resemblance  to  the  condition  often  found 
in  rheumatic  arthritis,  and  to  that  sometimes  observed  in  the  ac- 
romegaly of  adults.  In  the  hand  the  condition  was  mostly  limited 
to  the  digits,  though  in  No.  13  the  whole  upper  limb  was  involved ; 
but  in  the  foot  it  extended  beyond  the  digits  in  several  instances,  the 
metatarsal  bones  of  the  foot  and  even  the  bones  of  the  leg  (No.  15) 
being  enlarged.  The  affection  showed  an  especial  tendency  to  spread 
along  the  sole  of  the  foot,  and  the  adipose  tissue  to  grow  up  between 
the  metatarsal  bones. 

The  various  tissues,  except  in  No.  15,  were  simply  hypertrophied 
(overgrown),  but  not  otherwise  diseased ;  and  no  abnormal  conditioii 
of  the  blood-vessels,  save  the  thickening  of  the  veins  in  No.  15,  or  of 
the  nerves  was  discovered  in  any  case.  The  over-extension  of  the 
toes  noted  in  some  was  probably  caused  by  the  adipose  growth  on  the 
plantar  aspect  exceeding  that  on  the  dorsal;  and  the  lateral  cur- 
vature observed  in  the  fingers  was  probably  due  to  an  irregularity  in 
the  growth  on  their  two  sides,  rather  than,  as  suggested  by  Curling, 
to  the  influence  of  the  extensor  tendons. 

In  Nob.  7,  8,  and  22  the  condition  was  symmetrical,  or  nearly  so. 
It  occurred  about  equally  in  boys  and  girls,  in  the  hands  rather  more 
often  than  in  the  feet 

This  sort  of  congenital  overgrowth,  attended  usually  with  a  rela- 
tively proportionate  increase  of  the  several  tissues  concerned,  is  not 
confliied  to  the  hands  and  feet.  It  occurs  also  in  the  face  and  other 
parts.  I  have  recorded^  the  case  of  a  girl  aged  twelve,  in  whom 
there  was  congenital  overgrowth  or  hypertrophy  of  the  gums  on  the 
left  side,  without  and  within  the  alveolar  border,  which  had  increased 
so  much  as  to  bulge  the  cheek  and  project  the  lips,  and  cause  such 
inconvenience  as  to  render  an  operation  for  removal  of  the  deformity 
necessary ;  the  teeth,  though  in  great  measure  covered  by  the  mass, 
and  the  maxillary  bone  were  normal.  The  lips  on  the  left  side  were 
larger  and  thicker  than  natural,  also  the  left  ala  of  the  nostril,  and 
the  left  eyelids  and  eyelashes,  and  the  hair  of  the  eyebrow  and  that  of 
the  forehead,  which  latter  descended  lower  than  on  the  right  side. 
The  pinna  of  the  left  ear  was  a  quarter  of  an  inch  longer  and  a  little 
thicker  than  that  of  the  right  ear.  The  left  tonsil  and  side  of  the 
palate  and  the  papillae  on  the  left  side  of  the  tongue  also  were  larger 
than  on  the  right  side.  I  refer  in  that  paper  to  other  more  or  less 
similar  cases.  In  my  case  the  continuance  of  disproportionate 
increase  was,  I  believe,  confined  to  the  gums.  Instances  of  con- 
genital hypertrophy  of  the  lips  have  been  observed  by  others ;  ^  and 
the  cases  of  congenital  hypertrophy  of  the  tongue,  in  which  all  the 

^  Awiidla  of  Surgery t  iii,  1. 

'  Ashorst's  IrUemational  Enqfdopadia  qf  Surgery ,  v.  468. 
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tissues,  some  more  and  some  less,  are  increased,  are  of  the  like 
nature.'^ 

The  real  interest  of  these  cases  lies  in  their  pathology,  and  its 
bearing  upon  other  pathological  conditions.  They  obviously  consist 
in  an  excess,  an  abnormally  excessive  growth  of  a  normal  part  of  the 
body — an  excess  not  depending  upon  any  superabundance  of  nutritive 
supply  or  any  modification  of  nerve-influence,  but  upon  an  excess,  a 
want  of  due  restraint,  of  that  developmental  force  by  which  the 
several  organB  and  structures  acquire  and  maintain  their  proper 
dimensions  and  relations  to  one  another,  and  by  which  their  relative 
growth  at  different  periods  of  life  and  under  different  circumstances 
(as  of  the  genital  organs  at  puberty)  is  determined.  The  nature  and 
essence,  and  habitat  or  source  of  this  force  is  a  mystery,  perhaps  past 
finding  out  It  seems  to  be  shared,  as  an  inherent  quality,  by  each 
part  and  by  each  tissue  in  the  same  manner  as  by  the  primitive  germ, 
and  as  a  derivative  from  it.  Each  part  forms  and  grows  by  the  vis 
inertim  in  itself,  though  for  the  supply  of  the  material  by  means  of 
which  it  forms  and  grows  it  is  dependent  upon  external  sources, 
as  the  blood  in  the  vessels,  and  for  its  co-operation  with  other  parts 
upon  nerve-influence ;  just  as  each  soldier  in  a  regiment  has  his  own 
independent  force  and  activity,  but  depends  upon  the  commissariat 
for  his  maintenance,  and  the  trumpet<»ll  for  harmonious  co-operation 
with  other  members  of  his  corpa  He  may  of  his  own  free  action 
take  an  insubordinate  line,  to  the  detriment  of  his  fellow-soldiers  and 
the  damage  of  the  service ;  and  he  may  involve  others  by  his  example 
and  influence.  The  like  insubordinatioii  to  the  controlling  and  harmon- 
ising forces  of  nutrition  and  growth  may  be  supposed  to  occur  in  any 
tissue  or  at  any  period  of  life.  It  may  continue  or  it  may  cease.  It 
may  remain  localised  or  it  may  spread  to  surrounding  parts.  It  may 
consist  in,  or  lead  to,  a  mere  increase  and  maintenance  of  normal 
structure,  or  it  may  result  in  various  degenerations  or  deviations  from 
the  normal.  It  may  be  attributable  to  an  obvious  local  cause  or 
stimulus,  and  may  cease  with  that  cause ;  but  in  many  instances  no 
such  cause  can  be  assigned. 

Admitting  the  view  thus  taken  as  a  working  hypothesis,  not 
regarding  it  as  a  full  explanation,  for  that  is  unattainable  in  our 
ignorance  of  the  nature  of  developmental  and  growing  forces,  but 
i^erring  these  macrodactyls  and  other  abnormal  growths  to  an 
over^exercise  of  that  force  by  which  each  part  attains  and  maintains 
its  size  and  structure,  we  find,  I  think,  a  better  idea  and  explanation, 
or  theory,  of  the  nature  of  tiunours  than  that  afforded  by  the  "  latent 
embryonic  germ  theory  "  propounded  by  Cohnheim,  and  too  readily, 
as  I  believe,  accepted  by  many  modem  pathologists.      It  seems, 

^  Now  and  tken  »  similar  overgrowth  commenoes  later  in  life,  as  in  the  case  of 
a  woman,  aged  thirty,  mentioned  by  Oohnheim  {OenenU  Pathology ^  iL  750),  in 
whom  hypertrophy  of  both  hands  and  the  lower  part  of  the  face  thns  took  place. 
It  seems  probable,  however,  that  this  should  be  regarded  as  a  case  of  "aero- 
meflAly,"  which,  I  may  observe,  is  a  morbid  condition  occnrrinff  usually  in  adults 
ana  affecting  the  system  generally,  not,  like  **macrodactyly, '  a  localised  con- 
genital overgrowth. 
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indeed,  a  piece  of  supererogation  thus  to  increase  our  difficulties  by 
resorting  to  this  view,  which  has  ttffo  postulates  instead  of  one  :  ftnif 
the  presence  of  the  latent  germs,  of  which  I  need  scarcely  say  there 
is  no  evidence;  and  aecondlyy  the  starting  of  these  germs  into 
a  mischievous  or  insubordinate  activity  without  any  assignable 
cause. 

Let  us  trace  this  simple  theory  of  *'  overgrowth  "  or  ''  hyperplasia  " 
which  I  am  advocating,  and  have  for  years  maintained  and  taught,  as 
against  the  "latent  germ  theory''  in  its  application  to  various 
growths. 

The  congenital  macrodacttlb  and  other  congenital  hypertrophies 
above  described  are  obviously  mere  enlargements  or  overgrowths  of 
normal  tissues,  of  a  finger,  a  toe,  a  lip,  or  a  tongue,  which  in  some 
instances  proceed  indefinitely,  in  some  cease  to  increase  after  a  time, 
in  some  extend  to  the  surrounding  tissues,  and  in  some  remain  limited 
to  the  part  first  afiected. 

NiBviTS  is  a  similar  condition  of  blood-vessels,  commencing  usually 
a  little  before  birth,  and  spreading  for  a  time,  but  conmionly  for  a 
limited  time  only. 

MoLBS  or  MOTHEBrMARKS,  in  which  the  cutis  is  thick,  and  pigmented, 
sometimes  nsevoid  or  tuberculated,  and  usually  with  overgrowth  of 
hair,  now  and  then  continue  to  increase  after  birth,  or  start  an 
increase  at  some  later  period,  as  in  a  case  I  lately  saw  where  the 
tubercles  grew  out  into  masses  requiring  removal. 

The  other  fcetal  tumours,  consisting  of  cysts,  htoub  or  dermoid y  of 
cartilage,  bone,  fat,  or  other  structures  (the  so-caUed  "  parasites  "  are 
probably,  for  the  most  part,  of  this  nature),  often  exhibit,  as  might 
be  expected  at  the  time  of  life  when  development  is  in  high  activity, 
an  insubordination  of  developmental  force  as  well  as  of  growth,  which 
leads  to  variation,  it  may  be  to  undue  exaltation,  of  structure,  as  well 
to  increase  of  size,  as  evinced  by  the  presence  of  cartilage,  bone,  skin, 
and  even  glandular  structure.  These  tumours  usually  remain 
localised,  and  commonly,  as  exemplified  by  the  supra^orbital  dermoids, 
cease  to  grow  after  a  time,  their  developmental  and  growing  tendencies 
ceasing  with  the  diminishing  developmental  and  growing  forces  of  the 
body.  They  are  fully  as  well  accounted  for  by  an  excessive  growth  and 
change  of  normally  existing  germs  as'by  the  presence  of  superabundant 
germs  and  an  excessive  growth  of  them.  That  such  manifestations 
of  variety  and  exaltation  of  structure  should  be  observed  in  the  ovary 
(they  are  probably  congenital  or  occurring  in  early  life)  is  in 
accordance  with  the  marvellous  formative  properties  of  the  Graafian 
bodies  of  that  organ  when  normally  acting  under  the  influence  of  the 
natural  stimulus. 

With  regard  to  the  extraruterine  growths  a  wart  is  a  localised 
enlargement  or  overgrowth  of  the  papillary  tissue  of  the  skin, 
continuous  with  the  surrounding  skin  and  spreading  into  it,  the 
overgrowth  being  commonly  excited  by  some  local  irritation.  Polypi 
are  of  like  nature,  not  spreading  so  much  into  the  mucous  membrane 
with  which  they  are  continuous  as  growing  in  the  direction  of  least 
resistance.     The  biffusbd  lipomata  of  the  neck  and  the  diffused 
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MTOMATA  of  the  uterus,  periobtbal  FiBRoros,  and  bpuus  are  clearly, 
like  macrodactyls,  localised  overgrowths  of  the  respective  tissues, 
started  into  activity  by  some  unknown  cause.  The  continuity  of 
these  growths  with  the  tissues  in  which  they  are  found,  and  the  manner 
in  which  they  spread  into  these  tissues  by  exciting  the  like  over- 
growth in  them,  seem  sufficient  evidence  of  their  nature  and  deri- 
vation from  normal  structures,  and  to  be  incompatible  with  the  idea 
of  their  derivation  from  latent  and  suddenly  active  superabundant 
germs. 

The  more  circitkscribed  tumours  are  but  a  step  removed  from 
these  last,  in  that  the  insubordination  of  growth  is,  and  remains,  more 
limited.  Moreover,  in  some  of  these  the  limitation  is  not  absolute — 
that  is  to  say,  the  growth  is  not  quite  confined  to  the  starting-point, 
but  extends  to  a  certain  extent  in  the  surrounding  tissue.  This,  at 
least,  we  may  infer  to  be  the  case  in  many  of  the  subcutaneous 
lipomata  from  their  lobulated  character  and  the  manner  in  which 
they  are  penetrated  by  fibrous  septa  passing  into  them  from  the  skin, 
and  giving  the  characteristic  dimpling  or  fissuring  of  the  surface.  They 
are  most  frequent  in  the  persons  and  parts  where  the  growth  of 
normal  fat  is  greatest,  and  they  sometimes  take  their  start  at  many 
points.  The  mammary  adenomata  are  also  good  illustrations  of 
localised  overgrowth  of  a  normal  structure,  composed  of  modified 
mammary  tissue,  usually  remaining  continuous  with  the  mammary 
gland,  and  apparently,  in  some  cases,  owing  their  increase  partly  to 
an  extension  to  or  an  involving  of  it.  The  tendency  to  this 
insubordinate  growth  may  exhibit  itself  at  any  part,  giving  rise  to 
two  or  three  tumours  in  a  mammary  gland,  to  a  dozen  in  a  uterus, 
and  to  a  hundred  or  more  in  the  subcutaneous  fat  They  usually 
present  the  general  structural  features  of  the  tissue  in  which  they  are 
found,  though  in  some  instances,  as  by  the  presence  of  cartilage  in  the 
testicle  and  th%  salivary  glands,  they  show  developmental  variations 
from  the  normal  connective  tissue  of  the  part. 

The  osseous  system  is  fertile  in  an  interesting  and  instructive 
gradation  of  these  more  or  less  insubordinate  productions,  ranging 
from  the  callus,  often  excessive  after  fracture,  and  the  osteophytes 
about  joints,  ulcers,  and  necroses  through  the  varieties  of  scleroses 
and  nodes,  to  the  ossifications  into  tendons,  exostoses,  enchondromata, 
and  osteomata.  Some  of  these  are  the  result  of  an  increased  supply 
of  blood  caused  by  congestion  of  blood-vessels  from  various  causes, 
while  others  take  place  without  any  apparent  cause,  and  can  only  be 
ascribed  to  an  overgrowing  of  the  cartilage  or  bone  structure  where 
they  spring ;  and  in  proportion  to  their  independence  of  any  known 
cause  are  they  resistant  of  any  known  treatment.^ 

The  MAUGNANT  GROWTHS  fall  iuto  the  same  category.  The 
insubordinate  growth,  set  agoing  often  by  some  continued  irritation, 

^  The  little  pieces  of  cartilage  occasionally  found  in  the  shafts  of  rickety  hones, 
as  the  remnants  from  imperfect  and  irregular  ossification  at  the  epiphysial  lines, 
do  not  really  afford  any  argument  in  favour  of  the  embryonic  germ  theory  of 
tumours,  forasmuch,  as  far  as  I  am  aware,  they  do  not  ever  become  developed 
into  tumours. 
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when  once  begun  spreads  along  the  adjacent  tissue;  and  the 
pertinaciously  multiplying  germs  of  the  tissue  in  which  they  form 
insinuate  themselves  into  the  surrounding  structures,  reaching  the 
lymph-  and  blood-streams,  and  carrying  their  evil  influences  wherever 
they  go.  This  is  well  shown  by  the  carcinomata,  the  epithelial 
growths  of  which  infect  the  surrounding  epithelium,  pass  into  the 
subjacent  tissue,  infiltrating  it,  partly  destroying  and  replacing  it» 
and  partly  giving  rise  to  a  low  fibroid  hyperplasia  of  its  connective 
tissue,  whereby  is  formed  the  areolar  network  in  which  the  cancer 
cells  and  germs  lie  nested.  The  functionless  included  products  of 
these  germs,  being  out  of  the  range  of  normal  metabolism  and  the 
natural  outlets  for  the  epithelium,  die  and  decompose,  and  force  an 
abnormal  exit  through  the  medium  of  ulceration  or  mortification, 
while  the  infiltrating  and  spreading  products  are  carrying  the  like 
destructive  influence  to  neighbouring  and  to  distant  parts. 

Into  the  primal  cause  of  tumoiurs,  that  which  first  excites  and 
gives  continuance  to  the  impulses  of  inordinate  growth  and  assimila- 
tive power,  we  can«  as  I  have  already  said,  no  more  penetrate  than 
we  can  into  the  primal  cause  and  regulation  of  normal  growth 
and  nutrition.  The  gradations  I  have  mentioned  from  callus  to 
osteomata,  and  those  between  simple  warts,  warty  epitheliomata^ 
and  infiltrating  epitheliomata,  and  the  known  exciting  causes  of  some 
of  these,  may  help  us  to  approach  a  somewhat  nearer  knowledge  of 
the  aetiology  of  the  tumours,  but  a  clear  conception  of  it  must  await 
a  closer  insight  into  the  laws  of  nutrition  and  growth.  I  wish  here 
merely  to  accentuate  the  view  that  whatever  may  be  their'  several 
exciting  causes,  and  however  much  they  may  difler  in  their  charac- 
ters and  progress,  macrodactyls  and  nsevi,  warts  and  tumours, 
simple  and  malignant,  are  essentially  alike  in  the  feature  of  being 
overgrowths  of  the  parts  or  tissues  in  which  they  take  their 
origin. 

I  can  quite  agree  with  Cohnheim  that  there  is  "no  fundamental 
difference  between  fcetal  and  extra-uterine  growth,''  and  that  the 
real  cause  of  a  tumour  may  be  "  sought  in  a  fault  or  irregularity  in 
the  embryonic  rudiments."  Indeed,  some  such  faults  or  irregulari- 
ties, evincing  themselves  in  the  course  of  the  developmental  progress 
of  those  rudiments,  or  rather  of  the  structures  resulting  from  them 
in  any  of  the  several  stages  from  the  foetal  to  the  senile  state,  may 
be  regarded  as  the  source  of  a  large  number  of  the  weaknesses  and 
maladies,  tumours  among  others,  which  occur  at  various  periods  of 
life.  They  constitute,  indeed,  a  widely  embracing  factor  in  path- 
ology; and  the  body  which  is  most  free  from  such  faults  is  least 
prone  to  disease,  and  best  fitted  to  hold  on  through  the  greatest 
length  of  time. 

PosUcript — Mr  William  Anderson,  in  a  valuable  paper  in  St 
Thomcu^a  Hospital  Reports,  vol.  xi.,  gives  a  case  of  giant  growth,  ap- 
parently congenital,  of  the  left  lower  limb,  with  tumour  formation  in 
connection  with  the  superficial  parts,  in  a  woman  set.  25.  The  growth 
was  progressive,  and  increased  most  rapidly  after  the  ordinary  body- 
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growth  had  almost  reached  its  complete  development.  Many  cases 
of  (x>ngenital  hypertrophy  are  referred  to,  and  much  information  on 
the  subject  given. 

Addendum. — In  Professor  Annandale's  work  on  Disecuea  of  the  Firir 
gen  and  ToeSy  Edinburgh,  1865,  which  he  has  kindly  sent  me,  cases  are 
given  of  congenital  hypertrophy  of  the  fingers  and  toes,  in  some  of 
which  the  parts  were  amputated,  and  the  disease  was  found  to  con- 
sist of  a  hypertrophy  of  all  the  tissues  which  usually  compose  the 
digits. 

G.  M.  H. 

March  1892. 
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I. — II  Cervdleto;  nuovi  studi  di  Jistologia  normale  e  pathologica. 
Per  LuiGi  LuciANi.     Firenze,  1891. 

II. — SuU  'oriffine  e  decorso  dei  peduncoli  cerehellan  e  sui  loro  rapporti 
cogli  dLtri  centri  nervosi.     Per  Dr  Vitt  Mabchi.    Firenze,  1891. 

These  two  works,  which  are  the  most  recent  treatises  on  the 
anatomical  connections  and  physiology  of  the  cerebellum,  form  an  im- 
portant contribution  from  the  modem  Italian  scientific  schooL  The 
former  gives  expression  to  Luciani's  matured  views  on  the  subject  of 
cerebellar  physiology,  and  includes  the  experiments  which  were 
recorded  by  him  in  the  Prima  Memoria  in  1884.  The  latter  records 
the  degenerative  changes  in  the  central  nervous  system  of  the 
animals  on  which  partial  or  complete  cerebellar  extirpation  had  been 
performed. 

Luciapi's  memoir  forms  a  very  valuable  addition  to  the  physiology 
of  the  nervous  system,  and  introduces  a  new  doctrine  of  the  functions 
of  the  cerebellum.  The  author  has  been  very  successful,  both  as  to 
the  number  of  animals  (dogs  and  monkeys)  on  which  he  has  operated, 
and  in  the  completeness  of  the  partial  and  total  extirpation  of  the 
cerebellum ;  his  method  of  operation  deserves  mention.  Narcosis  was 
obtained  in  dogs  by  hypodermic  injection  of  morphia  and  chloral 
(morphia  2.5  centigram,  chloral  1  gram),  and  in  monkeys  by  chloro- 
form, in  addition  to  morphia.  The  muscles  were  separated  down  the 
middle  line  of  the  neck,  and  partly  detached  from  the  linea  semi- 
circularis.  An  opening  was  then  made  with  a  small  trephine  in  the 
occipital  bone,  and  enlarged  by  the  bone-forceps.  The  opening  thus 
made  extended  from  the  external  occipital  protuberance  to  the  foramen 
magnum,  so  as  to  expose  the  whole  region  as  far  as  the  calamus  scrip- 
torius.  The  dura  mater  was  incised  over  the  middle  lobe.  The 
extirpation  of  the  middle  lobe  of  the  cerebellum  is  a  relatively  easy 
operation.  This  lobe  is  separated  from  the  lateral  lobes  by  two  antero> 
posterior  incisions.  A  spoon  with  a  cutting  edge  is  introduced,  and 
the  brain  matter  removed  as  far  as  the  corpora  quadrigemina.  When 
thoroughly  extirpated,  the  floor  of  the  fourth  ventricle  and  the  open- 
ing of  the  aqueduct  of  Sylvius  are  exposed.  To  remove  the  whole 
cerebellum  at  one  sitting,  proceed  as  above  described,  for  the  removal 
of  the  middle  lobe,  and  then  remove  the  lateral  lobes  as  much  as 
possible  en  m^asse.     The  removal  of  the  flocculus,  although  not  impos- 
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sible,  is  difficult  and  uncertain.  One  half  of  the  cerebellum  is  extir- 
pated by  dividing  the  vermis  in  the  middle  line,  by  means  of  a 
Grsefe's  knife.  It  is  essential  that  the  remaining  half  be  not  injured. 
It  is  difficult  to  perform  hemi-eztirpation  of  the  uvula  cerebelli  with- 
out at  the  same  time  injuring  the  medulla  oblongata.  HsBmorrhage 
from  the  brain  is  arrested  by  means  of  small  sponges,  soaked  in 
corrosive  sublimate  (1  in  1000). 

The  disadvantage  of  operating  on  monkeys  is  that  the  head  requires 
to  be  held  forward  by  an  assistant.  In  favour  of  the  use  of  these 
animals  is  the  very  ready  manner  in  which  they  are  narcotised,  and 
the  only  slight  tendency  to  epilepsy  after  the  operation.  In  d<^ 
this  tendency  is  combated  by  hypodermic  injections  of  chloral.  The 
latter,  also,  are  subject  to  impulsive  movements  after  the  operation, 
and  have  sometimes  to  be  artificially  fed.  In  monkeys,  on  the  other 
hand,  the  irritative  phenomena  are  less  intense  and  more  fleeting. 

Having  overcome  the  difficulty  of  removing  the  cerebellum,  we 
must  next  see  how  best  to  de£me  the  phenomena  which  result  from  it. 
In  studying  the  movement  of  an  animal,  several  principal  factors  are 
distinguished  —  the  energy  employed  in  the  contraction  of  the 
muscles,  the  tension  or  tenacity  of  the  muscles,  the  manner  of  effect- 
ing the  contraction^  the  form  of  the  movements,  their  symmetry,  and 
their  co-ordination,  or  the  manner  of  association,  and  succession  of 
movements. 

For  estimating  the  force  of  muscular  contraction,  the  author  has 
made  use  of  a  modified  dynamometer.  He  noticed  that  when  a 
monkey  was  raised  from  the  ground  by  means  of  a  belt  round  the 
abdomen,  it  endeavoured  to  catch  hold  of  any  fixed  object  below  it. 
He  therefore  attached  the  hook  of  a  dynamometer  to  the  animal's 
girdle-strap,  raised  it  from  the  ground,  and  allowed  it  to  approach  a 
wooden  cylinder  maintained  in  a  vertical  position  by  a  heavy  base. 
To  this  the  monkey  clung  with  both  its  hands,  and  gradually  drew 
out  the  dynamometer  ring,  thus  enabling  the  observer  to  read  on  the 
scale  how  many  kilogrammes  it  had  overcome  with  the  arm  muscles. 
In  order  to  complete  and  control  the  observations  on  cerebellar  ataxy, 
especially  as  regards  the  form,  symmetry,  and  co-ordination  of  move- 
ment, he  devised  a  method  of  tracing  the  footsteps  of  dogs  on  the 
pavement,  by  dipping  their  feet  into  different-coloured  solutions. 
Throughout  the  work  there  are  charts,  showing  the  normal  impress 
of  dogs'  feet  when  walking  and  when  galloping,  and  also  of  those 
animids,  at  various  periods  after  the  operation,  whose  cerebellum  had 
been,  in  whole  or  in  part,  removed. 

Luciani  has  studied  the  nature  and  origin  of  the  changes  consequent 
on  mutilation  of  the  cerebellum  under  the  following  headings :  pheno- 
mena of  irritation;  effect  of  division  of  the  cerebellum  into  two 
halves ;  effects  of  destruction  of  the  middle  lobe ;  effects  of  incomplete 
unilateral  extirpation ;  effect  of  removal  of  one-half  of  the  cerebellum ; 
effects  of  complete  and  incomplete  extirpation  of  the  whole  cere- 
bellum ;  effects  of  extirpation  of  the  cerebellum  combined  with  uui- 
or  bi-lateral  destruction  of  the  sigmoid  gyrus. 

The  experiments  show  that  the  cerebellum  is  not  an  organ  inter- 
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calated  among  the  great  paths  of  the  cerebro4spmal  system,  and  as 
such  transmitting  voluntary  impulses  from  the  cerebrum  to  the  spinal 
cord,  but  that  it  is  an  appendix,  by  the  side  of  the  cerebro-spinal  paths, 
being  essentially  an  auxiliary  or  reinforcing  organ  for  the  central 
nervous  system,  which  is  the  more  developed  the  higher  one  goes  up 
the  vertebrate  scale.  Complete  destruction  of  this  organ  does  not 
produce  paralysis  of  any  groups  of  muscles  :  a  proof  of  this  is  found 
when  stimulation  by  electricity  of  the  sensori-motor  sphere  of  the 
cortex  provokes  the  same  reaction  as  if  the  cerebellum  were  untouched. 

Of  the  greatest  importance  in  this  relation  is  the  intimate 
anatomical  connection  which  the  cerebellum  has  with  the  grey  matter 
of  the  pons  Varolii  by  its  middle  peduncles.  With  this  knowledge 
we  cannot  but  think  that  the  traumatic  and  inflammatory  irritation 
of  the  pedimcular  fibres  is  transmitted  directly  to  the  ganglionic 
elements  of  the  pons. 

There  only  now  remains  to  briefly  consider  certain  trophic  changes. 
For  the  first  few  days  after  the  operation  there  was  noted  in  some 
of  the  animals  polyuria,  glycosuria,  and  acetonuria.  But  apart  from 
these  temporary  conditions  during  the  course  of  the  ataxy,  certain 
general  and  local  trophic  phenomena  were  observed.  Marasmus  was 
occasionally  present  without  any  evident  cause  for  its  onset.  Alopecia, 
erythema,  and  eczema  were  n9ted  in  several  cases  at  various  periods. 
Conjunctivitis,  keratitis,  and  otitis  were  observed  on  several 
occasions.  These  solutions  of  continuity'  readily  healed  under  the 
use  of  disinfecting  lotions.  Fatty  degeneration  of  the  muscles  of  the 
extremities  was  also  seen,  associated  with  increase  in  the  number  of 
the  nuclei  of  the  sarcolemma. 

The  last  chapter  of  Luciani's  memoir  is  devoted  to  "  the  first  lines 
of  a  new  doctrine."  The  results  of  the  researches  show  that  the 
cerebellum  is  an  organ  of  bilateral  function,  but  with  mainly  a  direct 
action,  in  this  way  difiFering  from  the  cerebral  hemispheres,  which 
also  exert  a  bilateral  action,  but  mainly  crossed.  The  experiments 
abo  indicate  that  cerebellar  influence  is  not  limited'  to  the  muscles 
which  regulate  the  difierent  forms  of  posture  and  locomotion,  but 
extends  to  all  the  voluntary  muscles.  They  further  clearly  show 
that  the  middle  lobe  is  not  of  greater  functional  value  than  the  lateral 
lobes,  and  that,  as  a  rule,  the  difierent  portions  of  the  cerebellum 
have  the  same  functions,  and  that  the  cerebellum  is  not  a  collection 
of  centres  functionally  distinct  or  different,  or  that  the  various 
segments  have  an  intimate  or  direct  influence  over  special  muscular 
groups,  but  that  the  influence  which  the  cerebellum  normally  exercises 
over  the  system  is  asthenic,  tonic,  and  static,  neuro-muscular  action. 
It  is  also  evident  that  the  cerebellum  transmits,  by  its  efferent 
paths,  a  trophic  action,  direct  and  indirect.  The  direct  is  shown  in 
the  degenerations  and  scleroses  which  follow  its  ablation,  the  indirect 
by  the  musctdar  and  cutaneous  dystrophies  which  have  been  recorded. 
The  functional  influence,  which  the  cerebellum  transmits  normally 
to  other  nerve  centres,  is  slow,  quiet,  and  continuous.  But  the 
experimental,  as  well  as  the  clinical  evidence,  shows  that  in  morbid 
states,  both  the  trophic  and  functional  activities  are  increased,  so  as 
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to  produce  violent  perturbation  and  disturbance  of  the  sensorial, 
motor,  and  trophic  functions.  The  sensorial  disturbance  consists 
essentiallj  of  veitigo,  the  motor  of  those  multiform  aberrations  which 
produce  motor  incoordination,  while  the  trophic  finds  expression  in 
polyuria,  glycosuria,  acetonuria,  and  rapid  decrease  in  weight.  The 
trophic  and  functional  influences  probably  represent  different  aspects 
of  one  complete  physiological  process,  of  the  nature  of  which  we  are 
ignorant. 

The  functional  action  of  the  cerebellum  is  different  from  that  of 
the  other  parts  of  the  nervous  system.  The  effects  of  cerebellar 
deficiency  have  been  shown  to  be  asthenic,  atonic,  and  astatic,  while 
those  of  other  centres  show  complete  or  incomplete  paralysis  of  motion 
and  sensation.  The  reason  of  this  is  that  this  organ  forms  a  small, 
relatively  independent  system,  defect  of  which  does  not  interrupt 
centripetal  or  centrifugal  conduction  between  the  cerebrum  and  the 
peripheral  nervous  system.'  It  is  to  be  regarded  as  a  coadjutor  or 
reinforcing  organ  to  the  great  cerebro-spinal  dystem. 

Luciana  entrusted  the  brains  and  spinal  cords  of  the  animals  (dogs 
and  monkeys)  on  which  the  preceding  observations  had  been  made 
to  Marchi,  for  the  purpose  of  following  out  the  degenerations  which 
resulted  from  the  extirpation  of  whole  or  part  of  the  ceFebellum. 
For  this  purpose  Weigert's  Haematoxylon  solution,  and  a  method 
"which  now  is  known  as  Marchi's  method,  were  used:  Briefly  stated, 
this  consists  in  hardening  the  tissue  in  Mtlller's  fluid.  After  a  short 
time,  pieces  the  size  of  1  cm.  are  cut,  and  placed  for  eight  to  ten  days 
in  a  mixture  of  Miiller's  fluid  (2  parts)  and  osmic  acid  (1  part).  The 
tissue  is  then  prepared  for  the  celloidin  process.  The  degenerated 
tissue  is  stained  black. 

1.  The  degenerations  which  result  from  extirpation  of  one-half  of 
the  cerebellum  {e.g.,  right  hemi-extirpation) : — 

(a)  In  the  region  of  the  superior  peduncles  the  osmium-bichromate 
method  showed  evidence  of  degeneration  in  the  right  superior  cere- 
bellar peduncle,  and  partly  also  in  the  left;  much  degeneration  of 
the  left  red  nucleus,  and  slightly  of  the  right,  while  in  addition  there 
was  evident  alteration  in  the  fillet,  many  of  the  fibres  of  the  third 
pair  of  nerves,  the  posterior  longitudinal  bundle,  some  of  the  fibres  of 
the  pyramidal  tracts  in  the  crura  cerebri,  and  degeneration  of  the  right 
optic  tract. 

{h)  In  the  region  of  the  middle  peduncles  there  was  found  complete 
sclerosis  of  this  peduncle  on  the  side  of  the  extirpation,  the  degenera- 
tion passing  over  the  middle  Hue.  In  addition  there  was  found 
degeneration  of  the  nerve  fibres  of  the  fifth  pair  on  the  same  side  of 
the  fillet,  of  the  posterior  longitudinal  bundle,  and  of  a  small  band  of 
fibres  which  lie  posteriorly  and  externally  to  the  superior  peduncles. 
Sclerosis  of  the  grey  matter  of  the  pons  (nuclei  pontis)  was  also 
observed. 

(c)  In  the  region  of  the  inferior  cerebellar  peduncles  the  following 
degenerations  were  brought  out  by  the  osmium-bichromate  method  : 
the  internal  portion  of  the  inferior  peduncle,  the  external  portion  of 
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the  restiform  body,  certain  of  the  strise  aciisticae  and  of  the  external 
auditory  nucleus,  many  fibres  of  the  aaoending  root  of  the  fifth  nerve, 
the  fillet,  the  interolivary  layer,  and  the  posterior  longitudinal 
bundle.  Some  of  the  fibres  of  the  hypoglossal  nerve  and  of  the 
pyramids  were  also  degenerated.  In  sections  treated  by  Weigert's 
method  the  degeneration  is  not  so  diffuse,  but  there  is  evidence  of 
degenerative  change  in  the  olive  of  the  opposite  side,  the  corpus 
restiforme  of  the  same  side,  the  direct  cerebellar  tracts  and  the  fillet. 

(d)  In  the  spinal  cord  the  author  has  detected  degenerations  by 
the  osmium-bichromate  method.  The  Weigert  method  is  not  so 
successful  in  bringing  out  this  degeneration.  The  tract  in  question 
occupies  the  antero-lateral  region  of  the  cord,  one  portion  being  in 
connection  with  the  anterior  part  of  the  direct  cerebellar  tract,  the 
other  in  connection  with  the  pyramidal  fibres  on  the  same  side  as  the 
extirpated  cerebellar  hemisphere.  As  a  result  of  ablation  of  the 
middle  lobe  of  the  cerebellum  the  author  found  the  degeneration  in 
the  superior  peduncles  scarce  and  limited ;  but  there  was  much 
alteration  found  in  the  fillet,  the  posterior  longitudinal  bundle,  and 
the  roots  of  the  third  nerves  and  the  fibres  of  the  optic  tracts.  From 
this  one  gathers  that  the  fibres  of  the  superior  cerebellar  peduncles 
come  mainly  from  the  nucleus  dentatus  and  the  cortex  of  the  lateral 
lobes.  All  the  transverse  fibres  of  the  middle  peduncles  are  de- 
generated. The  degeneration  in  the  inferior  peduncles  are  limited  to 
the  lateral  peurt  of  the  corpus  restiforme.  There  is  also  degeneration 
of  the  fibres  of  the  corpus  trapezoideum,  and  of  the  roots  of  the  third, 
fifth,  eighth,  and  twelfth  cranial  nerves.  In  the  spinal  cord  there 
was  sclerosis  of  the  antero-lateral  columns. 

Marchi  summarises  his  results  as  follows : — 

1.  The  superior  cerebellar  peduncles  do  not  completely  decussate, 
for  a  small  band  of  fibres  passes  to  the  optic  thalamus  on  the  same 
side,  though  the  principal  mass  terminates  in  the  red  nucleus  of  the 
opposite  side. 

2.  The  middle  cerebellar  peduncles  are  not  merely  commissural 
strands  from  one  hemisphere  to  the  other.  Many  of  the  fibres  enter 
the  pyramidal  bundles  and  end  in  the  grey  matter  of  the  same  side, 
while  others  pass  to  the  grey  matter  of  the  opposite  side. 

3.  The  inferior  cerebellar  peduncles  send  a  tract  of  fibres  to  the 
opposite  olive.  They  are  in  all  likelihood  formed  of  afferent  and 
efferent  fibres. 

4.  The  posterior  longitudinal  bundles  and  the  fillet  arise  from  a 
common  origin  in  the  middle  lobe  of  the  cerebellum.  They  course 
with  the  middle  peduncles  and  come  into  relation  with  the  nuclei 
of  the  cranial  nerves,  the  nuclei  pontis,  the  corporartrigemina,  and 
probably  also  the  corpus-striatum.  At  the  level  of  the  olive  the 
posterior  longitudinal  bundles  fuse  with  the  fillet,  and  thus  form  a 
connection  with  the  antero-lateral  regions  and  the  anterior  horns  of 
the  spinal  cord. 

5.  That  the  cranial  nerves  are  closely  related  to  the  cerebellum 
through  the  medium  of  the  fillet  and  the  posterior  longitudinal 
bundles. 
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6.  The  origin  of  the  three  peduncles  is  diffused  over  the  cerebellum, 
but  particularly  the  nucleus  dentatus  furnishes  most  of  the  fibres  of 
the  superior,  the  middle  lobe  of  the  middle  peduncles. 

It  is  impossible  as  yet  to  criticise  the  results  which  Marchi  has  ob- 
tained and  which  are  briefly  recorded  above.  The  osmium  bichromate 
process  of  staining  which  is  now  known  as  "  Marchi's  method"  is,  as  far 
as  my  experience  goes,  open  to  numerous  fallacies.  The  manifold 
connections  of  the  cerebellum  which  Marchi  has  described  will  there- 
fore require  ample  corroboration  before  they  can  be  finally  accepted. 

William  Aldrbn  Turner. 


Zwolf  Vorleiungen  ueber  den  Bau  der  nervosen  central  or gane.     By 
Ludwig  Edinger.     Third  edition*     Leipzig:  Vogel,  1892. 

Dr  Edingsr's  Lectures  on  the  Central  Organs  of  the  Nervous  System 
have  been  recognised  as  giving  to  the  student  a  clear  and  pleasantly- 
written  r6sum6  of  the  structure  of  these  organs,  based  upon  their 
development  and  comparative  anatomy.  In  his  mode  of  treatment 
of  the  subject  he  hsis  adopted  a  plan  which  brings  before  the  student 
in  an  intelligible  form  the  principles  of  construction  of  both  brain 
and  spinal  cord,  and  he  has  shown  their  mutual  interdependence.  In 
the  third  edition  now  before  us  the  author  is  quite  alive  to  the  most 
recent  investigations  on  the  nervous  system,  and,  as  far  as  his  space 
would  allow,  has  embodied  their  results  in  his  lectures.  We  would 
especially  call  attention  to  the  excellence  and  educational  value  of  the 
numerous  illustrations  with  which  the  book  is  provided. 


Beitrdge  zur  Kenniniss  der  Lags  der  weibltchen  Beckenorgane,  Tiebst 
Beschreibung  eines  frontaXen  gefrierschntttes  des  uterus  gravidus 
in  ntu.  By  W.  Waldeyer.  With  five  plates.  Bonn :  F.  Cohen, 
1892. 

Professor  Waldeter  has  contributed  this  memoh*  on  the  position  of 
the  pelvic  organs  in  the  female,  and  has  dedicated  it  to  the  eminent 
Professor  Yon  Kolliker  as  a  mark  of  respect  on  the  attainment  by  the 
latter  of  his  medical  jubilee.  It  appears  that  when  the  late  famous 
Professor  Henle  reached  the  50th  year  of  his  doctorate.  Von  Kolliker 
had  at  that  time  dedicated  to  Henle  a  contribution  on  a  similar 
subject. 

Waldeyer's  memoir  is  characterised  by  the  care  and  thoroughness 
which  mark  all  his  anatomical  v/ork.  It  consists  of  two  parts.  The 
first  is  a  description  of  the  pelvic  viscera  of  a  virgin  in  her  17th 
year,  whilst  the  second  comprises  an  account  of  these  organs  in  a 
woman  aet.  22,  five  months  advanced  in  her  first  pregnancy.  The 
plates  are  very  artistically  executed. 

VOL.  XXVL   (N.S.  vol.  VL)  2  Q 
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Ldgaiion  of  tlie  Great  Arteries  in  Continuity^  with  Obgervations  on  the 
Nature  afid  Treatment  of  Aneurism,  Bj  Charles  A.  Ballance, 
M.6.,  M.S.  Lond.,  F.R.C.S.,  ABsistant  Surgeon  to  St  Thomas's 
Hospital,  and  Walter  Edwards,  M.A.,  M.C.  Cantab.,  F.RC.S., 
Resident  Medical  Officer,  St  Thomas's  Home.  Macmillan  dz;  Co., 
1891.     8vo,  pp.  568. 

Thb  chief  purpose  in  this  handsome  and  abundantly  illustrated 
volume  is  to  prove  the  safety  of  the  method  of  ligation  of  arteries  by 
the  approximation  of  their  internal  surfaces  by  ligature,  as  compared 
with  that  more  commonly  adopted  of  rupturing  the  inner  and  middle 
coats  under  the  ligation.  With  this  view  many  experiments  were 
made  on  the  large  arteries — 20  in  sheep,  21  in  asses,  30  in  horses. 
In  no  instance  did  haemorrhage  occur.  In  two  the  arterial  coats 
were  found  to  be  ruptured,  and  in  six  the  vessel  was  not  quite 
occluded,  though  in  some  of  these  it  probably  would  have  become  so 
had  longer  time  been  allowed  before  the  animal  was  killed.  The 
process  of  occlusion  consists  in  the  proliferation  of  the  cells  of  the 
intima,  whereby  its  approximated  surfaces  are  united,  and  by  the 
formation  of  clot  above  and  below.  To  ensure  that  the  contact  of  the 
surfaces  is  effected,  it  is  necessary  that  the  ligature  should  be  applied 
with  sufficient  tightness,  yet  not  so  tight  as  to  rupture  the  coats  of 
the  vessel.  This  requires  some  nicety  and  judgment  in  manipulation ; 
and  in  order  that  the  contact  be  maintained,  it  is  necessary  that  the 
ligature  should  not  be  too  quickly  absorbable,  and  also  that  it  should 
not  be  of  elastic  material.  Ox  peritoneum,  kangaroo  tendon,  or  boiled 
floss-silk  are  preferred,  and  failing  these,  boiled  Chinese  twisty  chromic 
catgut,  or  silkworm  gut.  The  knot  most  recommended  is  the  "  stay- 
knot,"  consisting  of  two  ligatures,  which  should  be  round  and  smooth, 
tied  in  '*  reef-knot,"  each  separate  in  the  first  loop,  then  drawn  and 
tied  together  in  the  second  loop.  The  method  of  non-rupture  of  the 
vessel-coats  was  advocated  by  Scarpa,  and  followed  by  Hunter  and 
others ;  and  it  is  obvious  that  the  dangers  incurred  by  rupturing  the 
inner  tunics,  and  more  or  less  damaging  the  outer  tunic,  and  the 
consequent  liability  of  the  vessel  to  give  way  under  the  blood- 
pressure,  are  thereby  avoided.  In  the  case  of  the  larger  vessels, 
where  the  outer  tunic  is  thin  in  comparison  with  the  inner,  and  the 
resistance  offered  by  it  to  the  blood-pressure  is  therefore  least,  the 
danger  of  after  haBmorrhage  is  too  well  known ;  in  some,  as  the  first 
part  of  the  subclavian  and  the  innominate,  it  is  wellnigh  prohibitory 
of  operation ;  and  there  can  be  little  doubt  that,  for  these  and  indeed 
other  large  vessels,  the  risk  would  be  much  diminished  by  the  avoid- 
ance of  a  rupture  of  the  arterial  coats.  The  difficulty  lies  in  the 
correct  adjustment  of  the  pressure  of  the  ligature. 

Much,  but  not  much  new,  is  given  respecting  the  structure  of 
arteries  and  the  effect  of  ligatures  upon  them ;  and  the  behaviour  of 
the  clot  is  fully  discussed.  It  is  found  that  very  often  crevices  in  its 
substance,  or  between  it  and  the  vessel-wall,  due  in  great  measure  to 
its  contraction,  frequently  permit  the  blood-stream  to  find  its  way 
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down  to  the  ligatured  part,  and  furnish  a  source  of  danger  when  the 
coats  of  the  artery  have  been  ruptured.  Into  the  dot,  where  it  is  in 
contact  with  the  yessel-wall,  the  leucocytes  and  proliferating  cells  of 
the  intima  find  or  tunnel  their  way,  this  being  facilitated  by  the 
crevices  in  the  clot,  and  the  proliferating  or  plasma  cells  become 
converted  into  connective  tissue  and  vessels  in  the  usual  way,  the 
leucocytes  taking  no  part  in  this  process.  The  leucocytes  and  plasma- 
cells  of  the  proliferating  endothelium  find  their  way  also  along  the 
trabecule  of  the  fibrin-network  which  forms  in  the  clot.  The  leuco- 
cytes are  said  to  be  absorbed  and  digested  by  the  plasmarcells,  which 
also  act  in  a  similar  manner  upon  the  red  blood-cells,  or  dissolve  them 
by  some  ferment  which  they  secrete.  Ultimately  the  clot  is  vascu- 
larised  by  the  vacuolation  of  the  columns  of  plasma-cells,  whereby 
blood-channels  are  formed.  This  does  not  take  place  before  the 
twentieth  day.  The  amount  of  artery  which  becomes  thus  obliterated 
by  the  connective  tissue  and  vascular  developments  in  the  clot, 
resulting  from  the  infiltration  of  and  changes  in  the  plasmarcells, 
varies  greatly  even  in  the  same  artery,  being  usually  greatest  where, 
as  in  the  superficial  femoral  and  the  carotid,  the  vessel  is  long,  and 
gives  off  few  branches. 

The  relative  thickness  of  the  different  tunics  of  the  larger  arteries 
is  given.  The  conduct  and  fate  of  the  arteries  when  tied,  as  well  as 
of  the  clot,  of  the  corpuscles,  and  of  the  aneurism,  are  exhaustively 
gone  into.  All  the  museums  of  London  are  exhausted  for  illustration, 
and  much  historical  information  given,  the  whole  forming  a  veiy 
interesting  and  valuable  contribution  to  anatomical,  pathological,  and 
surgical  literature,  and  likely  to  lead  to  important  improvement  in 
surgical  practice. 


A  Text-Book  of  Morbid  Histology  for  Students  and  Practitioners,     By 
Rubert  Boyce,  M.B.,  M.R.C.S.     London :  H.  K.  Lewis,  1892. 

In  the  work  before  us,  the  author  has  presented  to  the  student  and 
practical  pathologist  a  book  of  great  excellence.  The  work  shows  an 
extensive  practical  knowledge  of  Morbid  Histology,  and  is  replete 
with  information  and  comments  which  are  evidence  of  the  author's 
acquaintance  with  the  literature  of  the  subject.  The  method  adopted 
throughout  is  somewhat  novel.  The  author  describes  in  detail  in  the 
text  a  typical  microscopic  section  of  a  diseased  state,  and  gives  a 
figure  in  illustration.  After  treating  of  histological  methods,  he  pro- 
ceeds to  describe  the  morbid  appearances  of  Inflammation,  the  Healing 
of  Wounds,  and  Repair ;  lie  also  considers  the  processes  of  Degenera- 
tion and  Tumour  formation,  and  the  more  important  tissue  reactions 
in  Mycotic  and  Zooparasitical  diseases.  The  second  portion  of  the 
book  is  devoted  to  the  study  of  the  diseases  of  the  Special  Systems. 
By  way  of  illustration  there  are  130  coloured  photo-micrographs; 
while  not  the  least  valuable  portion  of  the  book  ia  a  very  extensive 
bibliography. 
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Da9  Gliedmassen^kelet  der  Wirbelthiere  mit  beionderer  Btrucksichr 
tigung  des  SchtUter-  und  Becken-giirteli  bet  Ftschen^  Amphibien  und 
Beptilien.  By  Robert  Wiedersheira.  Text  and  AUaa.  Jena: 
GuBtay  Fischer,  1892. 

PSOFB880R  WnEDEBBHEiM  of  Freiburg  has  for  a  number  of  years  been 
engaged  in  the  study  of  the  shoulder  and  pelvic  girdles,  and  has 
published  in  the  journals  of  the  day  a  number  of  descriptive  articles 
on  the  subject.  He  has  brought  into  the  compass  of  a  volume  of  266 
pages  his  more  extended  researches  on  this  subject,  which  he  has 
illustrated  with  forty  figures  in  the  text,  and  an  atlas  of  seventeen 
plates. 

He  begins  his  account  of  the  hind-limb  and  pelvic-girdle  with  the 
arrangements  found  in  the  Selachia,  and  then  treats  of  the  correspond- 
ing structures  in  the  Dipnoi,  Ganoids,  Bony  Fish,  Amphibia,  and 
Reptiles,  and  concludes  with  short  sections  on  the  pelvis  of  Birds  and 
Mammals.  His  observations  on  the  shoulder-girdle  embrace  a 
survey  of  the  corresponding  classes  from  the  Selachia  to  the  Crocodiles. 
He  analyses  his  observations  with  his  customary  acuteness,  and  con- 
cludes the  book  with  a  general  summary  and  statement  of  the  con- 
clusions to  which  he  has  arrived. 


Human  Monstrosities.  By  Barton  Cooke  Hirst^  M.D.,  and  G.  A.  Piersol, 
M.D.  Parts  L  and  II.  Philadelphia:  Lea  Brothers  &  Co., 
1891-92. 

It  is  satisfactory  to  see  that  the  American  publishers  of  medical  and 
scientific  books,  as  well  as  those  who  supply  our  transatlantic  brethren 
with  general  literature,  are  applying  themselves  to  the  production  of 
original  works,  and  not  limiting  themselves,  as  was  at  one  time 
almost  universiaklly  the  case,  to  the  reprinting  of  English  text-books, 
and  the  translating  of  treatises  written  in  French  and  German. 

The  work  now  before  us  is  in  folio  volumes,  got  up  with  thick 
paper,  wide  margins,  beautiful  type,  and  numerous  illustrations 
both  in  the  text  and  in  the  form  of  photo-electrotype  plates,  and 
is  a  veritable  edition  de  luxe.  The  material  on  which  it  is 
based  is  for  the  most  part  contained  in  the  Wistar  and  Homer 
Museum  of  the  Medical  Department  of  the  University  of  Penn- 
sylvania ;  though  the  figures  intercalated  in  the  text  are  in  several 
instances  reproduced  from  the  writings  of  well-known  authors. 
In  their  classification  the  authors  adopt  that  of  Geofiroy  Saint 
Hilaire,  which  they  consider  to  be  the  most  convenient  for  the 
physician,  though  they  admit  that  it  is  by  no  means  satisfactory  from 
the  standpoint  of  modem  science.  They  discuss  the  production  of 
malformations  in  connection  with  the  development  of  the  human  em- 
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bryo,  and  review  the  attempts  which  have  been  made  to  produce 
malformations  artificially.  They  then  proceed  to  consider  the  various 
classes  of  malformations  under  the  following  heads : — Hemiterata, 
Heterotaxis,  Hermaphrodites  (and  under  this  head  they  substitute  the 
classification  of  Klebs  for  that  of  G.  8t  Hilaire),  and  Monsters.  Sections 
on  Hemiterata,  Heterotazis,  and  Hermaphrodites  are  in  part  i.,  but 
they  are  disposed  of  in  much  too  summary  a  fashion,  considering  the 
importance  of  the  subjects  falling  under  those  heads.  For  example, 
the  section  on  Heterotazis  is  limited  to  fifteen  lines,  and  the  whole 
question  of  transposition  of  the  viscera  is  dismissed  in  two  short 
sentences.  The  subject  of  monstrosities  is,  however,  treated  in  a 
much  more  detailed  way,  and  the  reader  is  carried  in  part  ii  as  far 
as  the  consideration  of  the  malformations  of  the  head. 


Biclogi^che  Untermchungen,  neue  Folge  II,  and  ///.     By  Gustaf 
Retzius.     Stockholm :  Samson  k  Wallin,  1891-92. 

All  anatomists  who  are  acquainted  with  the  large  illustrated  works 
by  Professor  Gustaf  Retzius  on  the  connective  tissue  of  the  nervous 
system  and  on  the  organ  of  hearing  in  Vertebrata,  produced  either 
in  conjunction  with  Dr  Axel  Key,  or  alone,  have  become  familiarised 
with  treatises  which  are  amongst  the  most  beautiful  in  typography 
and  illustration  of  modern  works  of  science.  They  exhibit  also  a  care 
and  completeness  in  the  investigation  of  the  particular  departments 
of  which  they  treat,  which  has  given  them  a  definite  and  well  assured 
place  in  anatomical  literature. 

Professor  Retzius  continues  his  researches  on  the  nervous  system, 
and  under  the  general  title  of  '^  Biologische  Untersuchungen,"  has 
produced  within  three  years  as  many  folio  volumes.  In  the  first 
volume,  published  in  1890,  the  nervous  system  of  the  Crustacea^  the 
nerve  cells  and  caudal  heart  of  Myxine  glutinosa^  the  reticulate  struc- 
ture of  the  human  ovum,  and  the  structure  of  muscular  fibre  were 
under  consideration.  We  have  recently  received  vols.  ii.  and  iii  In 
the  second  volume  the  central  nervous  system  of  the  Annulata  is 
described  in  a  number  of  species,  and  two  chapters  are  written  on  the 
central  nervous  system  of  Amphioxus  and  Myxine.  In  volume  iii. 
the  author  writes  on  the  nervous  system  of  Lumbricus ;  on  the 
nervous  elements  of  the  cerebellum ;  the  mode  of  ending  of  olfactory 
nerves,  auditory  nerves,  and  nerves  of  common  sensation  and  of  motion; 
the  nerves  of  the  spleen  and  kidneys ;  the  ganglion  cells  of  the  sym- 
pathetic ;  the  endings  of  nerves  in  the  salivary  glands ;  the  bile  capil- 
laries of  the  liver. 

In  the  series  of  important  researches  on  the  nervous  system,  the 
author  has  employed  the  silver  methods  of  Golgi  and  Ram6n  y  C&jal, 
and  £hrlich's  method  with  methylin  blue.  The  three  volumes  are 
illustrated  by  fifty-seven  beautifully  executed  lithographic  plates. 
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QaairCs  Elements  of  Anatomy,  Edited  by  K  A.  Schafer  and  O.  D. 
Thane.  Tenth  edition.  London :  Longman,  Green  &  Co., 
1890-92. 

Thb  editors  of  Quain's  Anatomy^  in  preparing  and  issuing  the  tenth 
edition  of  the  well-known  class-book,  are  pursuing  a  different  method 
from  what  has  been  the  habit  in  former  editions.  Instead  of  publishing 
the  work  in  two  volumes,  or  in  three  volumes,  as  was  the  case  in  one  if 
not  two  of  the  preceding  editions,  they  are  issuing  it  in  parts  as  soon 
as  each  is  completed,  ^us  the  parts  on  Embryology,  Histology,  Oste- 
ology, and  that  on  Arthrology,  Myology  and  Angeiology,  have  now 
appeared.  Those  on  Embryologyand  Histology  have  been  edited  by  Pro- 
fessor Schafer,  whilst  the  remainder  appear  under  the  editorial  charge  of 
Professor  Thane.  As  might  naturally  have  been  expected,  although 
all  the  parts  bear  evidence  of  careful  revision,  those  which  have  come 
especially  under  Professor  Schafer's  cognisance  show  a  greater  amount 
of  change  both  in  the  text  and  figures  from  the  immediately  preced- 
ing edition.  We  need  say  no  more  than  that  the  tenth  edition  of 
''  Quain  "  continues  the  high  standard  of  excellence  which  has  been 
gained  by  its  predecessors. 


L^Homme  dans  la  Nature,     By  P.  Topinard.     Paris  :  Felix  Alcan, 

1891. 

Dr  Topinard  has  written  for  the  Scientific  International  Library  a 
volume  on  Man's  place  in  Nature.  It  is  a  popularly  written  book, 
intended  to  convey  to  the  general  reader  the  present  state  of  the 
science  of  Anthropology  ;  the  methods  of  Anthropometry ;  the  charac- 
ters of  the  human  skull  and  brain ;  the  bipedal  and  quadripedal  atti- 
tudes ;  the  distinctive  characters  of  hands  and  feet ;  and  the  place  of 
Man  in  zoological  classification. 
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NOVEMBER  1891. 


Thb  Fifth  Annual  General  Meeting  of  the  Society  was  held  on 
Monday,  November  23,  in  the  Library  of  St  Bartholomew's  Hospital 
Medical  School  Present — Sir  Wm.  Turner  (President)  in  the  chair, 
and  fifty-six  members  and  visitors. 

The  Minutes  of  the  previous  Meeting  were  read  and  confirmed. 
The  following  gentlemen  were  elected  officers  for  the  ensuing  year : — 
President — Sir  Wm.  Turner,  F.R.S.  VicerPresidents — John  Cumow, 
M.D. ;  Alexander  Macalister,  F.R.S. ;  Peter  Redfem,  M.D.  Trmmrei- 
— G.  B.  Howes.  Secretaries — ^Ambrose  Birmingham,  M.D.  (Ireland); 
J.  Yule  Mackay,  M.D.  (Scotland) ;  George  Henry  Makins  (England). 
Council  —  Wm.  Anderson,  Stanley  Boyd,  W.  H.  Bennett,  D.  J. 
Cunningham,  F.R.S. ;  John  Cleland,  F.R.S;  Wardrop  Griffith,  M.D.; 
W.  P.  Herringham,  M.D. ;  Alexander  Hill,  M.D. ;  Robert  Howden, 
0.  B.  Lockwood,  Clement  Lucas,  A.  M.  Paterson,  R  W.  Reid,  Charles 
Stewart^  J.  Bland  Sutton,  Johnson  Symington,  G.  D.  Thane,  Arthur 
Thomson,  Bertram  Windle,  Alfred  H.  Young. 

Mr  Edward  Fawobtt,  M.B.,  CM.,  was  elected  a  Member  of  the 
Society. 

The  following  gentlemen  were  nominated  for  election  at  the  next 
meeting : — T.  Manners-Smith,  B.A.  Cantab,  M.RC.S.,  Demonstrator 
of  Anatomy  at  Queen's  College,  Birmingham,  proposed  by  B.  C.  A. 
Windle,  Alexander  Macalister,  Alexander  Hill ;  and  H.  B.  Robinson, 
M.D.,  MS.,  London,  Demonstrator  of  Anatomy  at  St.  Thomas's 
Hospital  Medical  School,  proposed  by  G.  H.  Makins,  Wm.  Anderson, 
and  F.  G.  Parsons. 

The  Treasurer's  Report,  showing  a  balance  of  £57,  5s.  2d.  in  favour 
of  the  Society,  was  received  and  adopted. 

Professor  Andbbson  Stuart  showed  a  stuffed  head  of  the  Bell  Pig 
of  New  South  Wales. 

Mr  C.  B.  Lockwood  showed  a  Persistent  MvUerian  Dnct. 

The  specimen  had  been  obtained  by  Dr  Ormerod  from  the  body  of 
a  matt,  aged  SS,  who  had  died  of  disease  of  the  aortic  valves.  The 
following  is  a  brief  note  of  the  specimen,  which  will  be  supplemented 
when  the  examination  is  completed.  Both  kidneys  and  ureters  were 
normal,  but  in  the  liilnm  of  the  right  kidney  there  was  a  pyriform 
structure,  which  looked  like  a  second  pelvis,  bending  downwards  into 
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a  cord,  which  looked  like  a  second  ureter.  This  resemblance  was 
increased  by  the  fact  that  the  cord  ran  downwards,  parallel  to  the 
true  ureter,  and  was  like  it  in  size  and  structure.  Howeyer,  this 
adventitious  cord  left  the  ureter  as  they  approached  the  iliac  fossa, 
and  ran  inwards  to  join  the  vas  deferens  as  it  emerged  from  the 
internal  abdominal  ring.  The  joining  together  of  the  two  cords  was 
complete,  and  the  single  cord  which  they  formed  took  the  usual 
course  of  the  vas  deferens,  to  end  in  the  manner  usual  to  that  duct. 
Assuming  that  the  abnormal  structure  was  a  persistent  Miillerian 
duct,  which  had  failed  to  descend  with  the  epididymis  and  body  of 
the  testis,  it  is  evident  that  the  hydatid  of  Morgagni,  which  is  the 
remains  of  the  upper  end  of  Miller's  duct,  ought  to  have  been  wanting 
in  the  side  which  the  persistent  duct  occupied,  namely,  the  right.  This 
was  so,  although  the  left  hydatid  of  Morgagni  was  well  developed. 

The  pyriform  portion  of  this  persistent  Mtillerian  duct  was  hollow, 
and  contained  a  cavity  as  big  as  the  pelvis  of  the  kidney,  but  it 
possessed  neither  ostium  or  fimbriae.  From  the  dilatation  a  probe 
could  be  passed  downward  almost  to  the  junction  with  the  vas 
deferens.    The  utriculus  hominis  was  of  the  usual  size  and  appearance. 

It  is  proposed  to  make  a  further  report  upon  this  specimen  after 
a  histological  examination  has  been  made. 

Professor  Anderson  Stuart  showed  a  working  Model  of  a  Hori- 
zontal Section  of  the  Eye,     He  then  demonstrated — 

1.  A  Ring-like  Network  of  Fibrous-looking  Tissue  in  the  Ciliary 
Region  of  the  Vitreous  Humour  of  the  Normal  Eye,  The  tissue  is  in 
the  form  of  a  membranous  network,  the  dominant  lines  of  which,  as 
seen  in  sections,  are  attached  to  the  bounding  membrane  of  the 
vitreous,  just  in  front  of  the  anterior  margin  of  the  true  retina. 
From  this  attachment  they  extend  backwards  and  inwards  towards 
the  axis  of  the  eye-baU  into  the  vitreous  substance.  There  were 
shown  preparations  of  the  region  in  the  form  of  a  ring,  which  had 
been  mechanically  isolated  from  the  human  eye,  and  sections  under 
the  microscope.  This  account  of  the  intimate  structure  of  the  region 
thus  differs  greatly  from  the  one  usually  given. 

2.  A  new  preparation  of  the  Membrane  in  frarU  of  the  Vitreous^ 
lining  the  fossa  patellaris,  and  forming  the  posterior  wall  of  the  canal 
of  Petit,  which  is  thus  a  true  canaL  The  membrane  is  described  in 
the  Proceedings  of  the  Royal  Society y  1891.  The  preparation  shown 
was  in  some  respects  more  satisfactory  than  the  earlier  ones. 

Professor  Albx.  Maoalistbr  showed  a  series  of  abnormalities, 
obtained  from  the  anatomical  department  at  Cambridge. 

Professor  O.  B.  Howes  exhibited  a  Rabbit's  Backbone  having  a  free 
Lumbar  Rib,  and  made  the  following  remarks  thereon.  As  the 
Babbit  is  one  of  those  quadrupedal  mammals  having  the  same 
cervico-thoracic  vertebral  formula  as  man,  the  presence  in  it  of  a  free 
rib  .  in  articulation  upon  the  first  lumbar  vertebra  is  of  general 
interest^  in  view  of  Bosenberg's  discovery^  that  a  similar  lib  is 

^  Morph,  JaJirb.,  Bd.  i.  pp.  86,  et  seq. 
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reprefient«d  in  cOrtilEige  in  tbe  early  human  foetus.  In  the 
specimen  exhibited,  the  fVee  rib  waa  preaeut  only  on  the  left  side 
(r,  fig.  i) ;  it  meaaured  }  of  an  inch  in  length,  and  vas  diverted 
backwards  and  downwarda;  a  definite  facet  for  its  articulation  was 
developed  upon  the  antero-lateral  border  of  its  related  vertebra,  the 
lower  lamina  of  the  tranaverae  proceaa  of  which  waa  reduced.  It 
entered  into  the  composition  of  the  thoracic  wall,  and  had,  in  all 
respecta,  the  charaoteriatic  relationshipa  of  a  nonnal  poaterior  thoracic 
rib.  The  lower  lamina  of  the  transverse  proceaa  of  the  opposite  aide 
(fig.  /)  was  fullj  developed  but  abnormal,  in  respect  to  the  prolonga- 
tion of  ita  posterior  border  into  an  immovable  apur  of  bone,  having  a 
similar  disposition  to  the  free  lumbar  rib.     On  oompatiaon  with  the 


L,  the  iMt  thoT*cie  «iid  two  firat  lumbar  vertibne,  veatial  aspect;  U.,  the 
thoncic  vertebrs,  nnmbering  nx  1«  ten,  ventral  aspect ;  ilL,  the  thoncic 
vertebne,  numberipg  ibar  to  ten,  doraal  aapect ;  iv.,  the  thoracic  vertebra, 
numbering  seven  to  tan,  left  lateral  aspect;  c,  centrum;/;.,  capitolei  facet; 
pT.,  transverse  procesi ;  r,  lumbar  rib.     All  natural  size. 

normal  vertebra,  this  spur  might  at  first  sight  appear  to  represent  the 
epiphysial  outer  extremity  of  the  transverse  process  (which  is  variable 
in  its  extent  and  mode  of  ossification),  and  to  suggnat  that  that 
structure  might  represent  a  vestigial  rib.  Further  comparison  with 
the  posterior  thoracic  vertebral  aegmenta  was,  however,  fatal  to  any 
such  auppoaitioD,  and  it  showed,  unmistakably,  that  while  the  apur 
in  queation  undoubtedly  repreaented  a  lumbar  rib,  its  ankylosis  with 
the  adjacent  transverse  process  was  the  direct  outcome  of  the  non- 
reduction  of  that  atructure.  It  had,  indeed.  Buffered  (except  for  ita 
greater  increase  in  length)  substantially  that  change  described  by 
Rosenberg  *  aa  normal  for  the  human  subject 

The  special  interest  of  the  specimen  lay,  however,  in  the  rationale 
of  exiatence  of  the  free  lumbar  rib  itself.  The  animal  from  which  it 
waa  obtained  was,  so  far  aa  could  be  determined,  normal  and  healthy, 
except   for  an    abnormality   involving    the    8th   and    9th   thoracic 

)  For  a  discDSBioD,  vith  eiteneioQ,  of  this  aathor's  conclosions,  see  Binning- 
bam  Joar.  Anal,  and  Phs$.,  voL  zir.  p.  f>26. 
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vertebrsB  (tigs.  iL,  iii.,  iv.).  The  oasific  halves  of  the  centre  of  these 
had  failed  to  unite  in  the  customary  manner,  an  oblique  fusion 
having  been  established  between  the  right  half  of  the  8th  and  the 
left  half  of  the  9th.  On  examining  the  specimen  from  beneath 
(fig.  ii.),  the  free  half  of  the  9th  vertebra  was  seen  to  have  remained 
undisturbed,  while  that  of  the  8th  had  been  carried  forwards,  with 
marked  indications  of  atrophy,  as  the  result  of  domination  by  forward 
extension  of  the  ankylosed  (right)  half  of  the  9th.  There  could  be  no 
doubt  that  the  condition  of  the  parts  was  directly  due  to  the  failure 
of  the  two  halves  of  the  centre  to  unite ;  and  the  specimen  lent  con- 
siderable support  to  the  belief  in  the  morphologically  double  nature 
of  the  vertebral  centrum,  originally  advanced  by  Johannes  Muller,^ 
Yon  Baer,  and  Eathke,^  and  recently  substantiated  by  Rosenberg  ^ 
and  Foriep  ^  in  their  discovery  of  the  paired  nature  of  its  '  Anlage.'  ^ 
The  total  area  of  the  body  occupied  by  the  metamorphosed  8th  and 
9th  vertebrae  with  their  associated  skeletal  and  muscular  apparatus 
was  little,  if  at  all,  in  excess  of  that  normal  to  a  single  posterior 
thoracic  segment;  and,  as  the  joint  result  of  this  retardation  in 
growth  and  the  deformity  of  the  parts  related  to  the  two  vertebral 
segments  named,  the  thoracic  box  of  the  animal  must  have  been 
placed  at  a  mechanical  disadvantage.  When  this  is  borne  in  mind, 
the  facts  concerning  the  free  lumbar  rib  already  alluded  to  fully 
justify  the  conclusion  that  nature  had,  so  to  speak,  fallen  back  upon 
that  structure  in  seeking  to  make  good  the  deficiency,  pretty  much 
as  she  calls  in  the  aid  of  the  outstanding  episkeletal  muscles  during 
forced  respiration.  Professor  Howes  had  examined  some  scores  of 
Rabbits'  skeletons,  and  had  found  only  one  (in  addition  to  that 
exhibited)  possessed  of  undoubted  lumbar  ribs.  They  were  borne 
upon  the  1st  lumbar  vertebra;  and,  inasmuch  as  the  thoracic 
skeleton  of  the  animal  possessed  of  them  was  deformed,  he  inclined  to 
the  belief  that  these  observations  justify  us  in  arguing,  by  analogy, 
that  the  clue  to  the  appearance  of  a  free  lumbar  rib  in  a  mammal 
having  an  otherwise  normal  backbone  and  costal  skeleton  is  to  be 
sought  in  a  functional  inefficiency  of  some  one  or  more  of  the  non- 
skeletal  parts  active  during  normal  respiration. 

On  viewing  the  abnormal  parts  of  the  specimen  exhibited  from  the 
dorsal  and  lateral  aspects  (figs.  S  and  4),  the  left  arch  of  the  right 
vertebra  was  seen  to  have  alone  approsimated  towards  the  normal 
proportions.  In  attempting  to  realise  them  it  had  become  ankylosed 
to  the  corresponding  arch  behind.  The  remaining  portions  of  the 
arches  of  the  two  vertebrae  involved  had  undergone  a  retardation  in 
growth,  and  one  conspicuous  result  of  the  inequality  of  this  had 
been  the  forcible  divarication  of  the  two  halves  of  the  eighth  neural 

^  Handbook  of  PhyaioLf  English  translation,  p.  1613. 

'  Cf.  Robin,  Joum.  d,  VAnat,  et  Phys,,  t.  1, 1864,  p.  270. 

*  Loe,  cit,,  p.  181. 

*  Archivf,  Anat.  et  Phys.^  AncU.  Abth.  1886,  pp.  125-127. 

'  For  interesting  information  bearing  upon  botn  the  morphological  and  patho- 
logical aspects  of  this  subject  see  («)  Sir  Geo.  Humphry's  work,  7^e  Human 
Skeleton^  pp.  123,  124;  (0)  Willett  and  Walsham  in  Trans,  Medico-Chirurg,  Soc, 
vol.  bdii.  pp.  257-301;  and  {y)  Bland  Sutton  in  these  Proceedings  for  April 
1890,  and  Trans.  Path,  Soc,,  vol.  xli.  p.  341. 
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spine.  The  neural  arches  of  the  9th  vertebra  had  ankylosed  while 
the  halves  of  its  spine  were  in  the  very  act  of  becoming  separated. 
The  seven  anterior  thoracic  spines  bore  marked  traces  of  the  effects 
of  the  disruption  in  the  form  of  a  fenestration  (fig.  S),  which,  while 
testifying  to  the  morphologically  paired  nature  of  the  spines  them- 
selves, showed  the  mechanical  effects  of  the  abnormality  to  have 
been  transmitted  from  segment  to  segment  in  a  manner  as  obvious 
as  it  was  suggestive. 

Professor  Anderson  Stuart  commented  upon  the  Tubercle  situated 
on  the  Posterior  Border  of  the  Great  Trochanter  of  the  Human  Femur 
("  Tubercle  of  the  Quadratus^^  Thane),  pointing  out  that  it  corresponded 
to  the  line  of  junction  of  the  epiphysis  of  the  great  trochanter  with 
the  shaft. 

Messrs  W.  G.  Leb  and  C.  P.  White  showed  a  body  containing  the 
following  abnormalities  : — a,  accessory  digastric. 

On  both  sides  there  is  a  slip  of  muscle  arising  by  muscular  and 
tendinous  fibres  from  the  posterior  belly  of  the  digastric  muscle  just 
as  it  is  becoming  tendinous ;  the  slip  passes  downwards  and  forwards, 
and  is  inserted  into  the  fascia  connecting  the  hyoid  bone  with  the 
digastric,  and  also  by  a  distinct  tendon  into  the  anterior  belly  of  the 
digastric  (deep  surface  of).  Its  nerve  comes  from  the  hypoglossal 
close  to  the  nerve  to  the  thyro-hyoid.  On  the  right  side  this  nerve- 
branch  was  examined  microscopically,  and  found  to  be  true  nerve. 
The  innervation  of  the  digastric  and  stylo-hyoid  is  normal.  The 
artery  to  the  slip  comes  from  the  hyoid  branch  of  the  lingual.  On  the 
right  side  the  stylo-hyoid  does  not  split,  but  passes  completely  in 
front  of  the  digastric ;  on  the  left  side  it  is  normal. 

b,  In  the  same  body  the  levator  glandulx  thyroidea  is  segmented  off 
from  the  crico-thyroid  muscle,  and  not  from  the  infra-hyoid  muscles 
as  usually  described.  It  arises  from  the  lower  border  of  the  thyroid, 
and  inferior  tubercle  of  the  oblique  line  on  the  right  side,  crosses  the 
cricoid  cartilage  obliquely,  and  is  attached  to  the  sheath  of  the  left 
lobe  of  the  thyroid  body.  Its  nerve  comes  from  the  external  laryngeal. 
The  pyramid  is  present  on  the  right  side. 

Dr  Herrinqham  showed  an  abnormality  of  the  first  part  of  the 
small  intestine.  The  vertical  part  of  the  duodenum  ended  in  the 
transverse  at  the  normal  place  on  the  right  side  of  the  3rd  lumbar 
vertebra.  The  transverse  part  ran  almost  horizontally  across  the 
spine  to  the  left  side  of  the  same  vertebra.  It  here  turned  down- 
wards, passed  behind  the  descending  layer  of  the  transverse  meso- 
colon, and  ended  in  the  jejunum.  The  first  9  inches  of  the  jejunum, 
instead  of  having  a  free  mesentery,  lay  wholly  behind  the  peritoneum. 
For  the  first  1|  inch  it  ran  downwards  upon  the  side  of  the  body  of 
the  4th  lumbar  vertebra ;  for  the  next  5  inches  it  ran  obliquely  down- 
wards and  to  the  rights  covering  the  disc  between  the  4th  and  5th 
lumbar  vertebras.  It  turned  on  the  outer  border  of  the  psoas,  and 
ran  upwards  to  the  level  of  the  transverse  mesocolon,  behind  which 
it  lay  in  contact  with  the  duodenum.  It  then  passed  forwards,  and 
received  a  free  mesentery. 
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The  Sboond  Annual  Report  of  thb  Collbctivb  Invbotioation  Com- 
MiTTEB"^  was  laid  upon  the  table.  Professor  Thane  proposed  a  vote  of 
thanks  to  Mr  Arthur  Thomson  for  the  labour  and  care  he  had  bestowed 
upon  the  Report.  He  was  glad  to  find  that  the  results  confirmed 
current  views,  showing,  for  instance,  that  the  most  usual  arrange- 
ments were  those  which,  in  the  last  edition  of  CtumrCs  Anatomy^  he 
had  already  chosen  for  types.  Professor  Alex.  Macalisteb  seconded 
the  vote  of  thanks,  and  brought  forward  the  following  Appendix : — 

A^endix  to  the  Second  Annual  Report  of  the  Collective  Investigation 

Committee. 

Owing  to  the  exceptional  disturbance  in  our  Anatomical  Depart- 
ment, due  to  our  removal  to  the  New  Buildings  in  Cambridge  and  to 
inadvertence  on  the  part  of  some  of  my  subordinates,  the  notes  of 
the  observations  were  so  very  irregularly  kept  that  I  have  been 
unable  to  reconstruct  tables  comparable  with  those  sent  in  from 
the  other  schools. 

In  regard  to  the  first,  or  the  branches  of  the  thyroid  axis,  I  find 
notes  of  thirty-nine  bodies,  which  in  percentage  so  substantially  agree 
with  those  in  the  Report  tlxat  it  is  not  necessary  to  add  them.  There 
were,  however,  two  remarkable  cases  worthy  of  note.  In  one  instance 
the  cervicalis  ascendens  arteiy  was  very  large,  and,  ascending  to  the 
back  of  the  scalp,  replaced  the  third  stage  of  the  occipital  arteiy, 
which  was  otherwise  non-existent 

In  another  instance,  a  separate  inferior  thyroid  artery  arose  from 
the  right  subclavian  before  the  origin  of  the  right  vertebral.  In  four 
instances  a  thyroidea-ima  coexisted  with  the  normal  inferior  thyroid — 
a  condition  which  seems  unrepresented  in  the  returns. 

The  only  condition  which  was  carefully  sought  for,  and  of  which 
the  notes  have  been  kept,  are  those  regarding  the  arrangement  of  the 
ileum  and  caecum  and  the  occurrence  of  a  diverticulum.  I  have  now 
notes  of  395  bodies  in  this  respect,  and  have  found  three  examples  in 
this  number,  making  its  percentage  of  occurrence  *76. 

Several  specimens  from  St  Bartholomew's  Hospital  Museum  were 
on  view  before  and  after  the  meeting. 

The  meeting  then  adjourned. 

The  Committee  of  Management  desire  to  point  out,  apropos  of  the 
balance  accruing  from  the  recovery  of  subscriptions  in  arrear,  that 
the  Society  is  now  in  a  position  to  more  fully  illustrate  its  proceed- 
ings, and  also  to  perform  some  additional  service  to  its  members.  A 
movement  is  on  foot  towards  assisting  in  the  preparation  of  an 
analytical  index  to  the  back  numbers  of  the  Journal  of  Anatomy  and 
Physiologpy  and  the  Committee  hope  soon  to  be  able  to  report  more 
fully  upon  the  same. 

^  See  Jour,  of  Anat.  and  Phys.,  July  1891. 
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Thb  Second  Quarterly  Meeting  of  the  Society  for  the  current  year 
was  held  on  Monday,  February  22nd,  in  the  Library  of  St  Thomas's 
Hospital  Medical  School.  Present — Sir  William  Turner  (President) 
in  the  chair,  and  fifty-one  members  and  visitors. 

Mr  T.  MjlNNKRs-Smith,  B.A.,  M.R.C.S.,  and  Mr  H.  B.  Rorinson, 
M.D.,  M.S.,  were  elected  Members  of  the  Society. 

The  following  gentlemen  were  nominated  for  election  at  the  next 
meeting: — T.  H.  Openshaw,  M.B.,  B.S.,  Durham,  F.RC.S.,  proposed  by 
A.  Thomson,  C.  B.  Lockwood,  and  J.  Black.  E.  Cotterell,  F.R.C.S., 
proposed  by  G.  D.  Thane,  Bilton  Pollard,  and  Percy  Flemming. 
A.  R.  Kanthack,  M.A.  Lond.,  M.R.C.P.,  F.R.C.S.,  proposed  by 
W.  Bruce  Clarke,  W.  P.  Herringham,  and  H.  D.  Rolleston. 

Sir  William  Turner  gave  an  account  of  the  Cerebral  Hemispheres 
of  Omitkorhynchus  paradoxus^  and  compared  them  with  those  of 
Echidna  hystrix.  The  paper  is  printed  in  extenso  in  the  Journal  of 
Anatomy  and  Physiology y  April  1891. 

Dr  Alexander  Hill  had  listened  with  the  greatest  interest  to  Sir 
William  Turner's  description  of  the  brain  of  Omithorhynchus  para- 
doxus. He  (Dr  Hill)  had  himself  studied  the  brain  at  various  times 
for  some  years,  although  he  found  it  in  certain  respects  so  paradoxical 
that  he  had  abstained  from  publishing  his  results,  in  the  hope  that  he 
might  in  the  meantime  discover  the  explanation  of  its  singular  de- 
partures from  the  ordinary  mammalian  typa 

The  brain  in  Dr  Hill's  possession  would  appear  to  have  been  taken 
from  a  much  older  specimen  than  that  of  Sir  William  Turner.  Dr 
Hill  illustrated  the  points  in  which  he  did  not  agree  with  Sir  William 
Turner,  by  a  series  of  photographs  of  his  specimen. 

The  hemisphere  is  very  much  expanded  and  thin  from  above  down- 
wards. It  completely  covers  the  optic  lobes,  and  hides  also  a  large 
part  of  the  cerebellum.  It  shows  a  well-marked  division  into  frontal, 
temporo-sphenoidal,  and  occipital  lobes,  but  no  convolutions  or  fissures 
so  far  as  Dr  Hill  could  see,  with  the  exception  of  the  rhinal  and 
hippocampal  fissures. 
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The  olfactory  bulb  is  a  good  deal  larger  than  figured  in  Sir  William 
Turner's  diagram.  Its  connection  with  the  cerebrum  is  by  means  of 
an  olfactory  peduncle,  which  is  cut  off  from  the  under  surface  of  the 
hemisphere  by  a  deep  fissure  on  either  side.  The  two  fissures  incline 
towards  one  another,  leaving  but  a  narrow  isthmus  between  the 
hemisphere  and  the  olfactory  peduncle.  The  olfactory  peduncle  is 
applied  at  its  root  to  the  inner  surface  of  the  temporo-sphenoidal 
lobe,  upon  which  it  fades  away. 

The  comu  ammonis  has  a  remarkable  course,  being  continued 
forwards  above  the  commissures  and  above  the  velum  interpositum 
almost  to  the  front  of  the  brain.  The  fissure  which  Sir  William 
Turner  suggested  might  possibly  be  the  splenial  fissure  is  a  fissure 
which  lies  above  the  comu  ammonis  (being  really  the  homologue  of 
the  hippocampal  fisstire) ;  it  is  continued  forwards  to  the  frontal 
extremity  of  the  brain. 

The  outer  surface  of  the  brain  is  marked  by  deep  furrows  for 
arteries,  but  by  no  fissures.  The  furrow  for  the  middle  cerebral 
artery  occupies  the  ordinary  situation  of  the  fissure  of  Sylvius. 

Dr  David  Hepburn  communicated  the  following  Note  on  a  large 
defect  in  the  CapsiUe  of  the  Shovlder  Joint, 

The  comparative  rarity  of  the  following  appearances  warrants  their 
being  recorded  somewhat  in  detail,  although  the  condition  is  probably 
pathological. 

During  the  dissection  of  a  right  upper  limb  in  an  adult  male,  when 
the  deltoid  muscle  was  detached  from  its  origin  and  turned  down- 
wards, the  subdeltoid  bursa  attracted  attention  by  reason  of  its  large 
size.  It  extended  as  far  back  as  the  upper  border  of  the  insertion 
of  the  teres  minor,  and  as  far  forwards  as  the  insertion  of  the 
Bubscapularis. 

Continuing  the  dissection,  the  acromion  process  was  sawn  through 
near  its  junction  with  the  spine  of  the  scapula  and  turned  outwards, 
when  the  continuity  of  the  subdeltoid  bursa  with  the  subacromial 
bursa  was  seen. 

On  opening  the  bursa  its  cavity  was  found  to  communicate 
directly  with  the  interior  of  the  shoulder  joint  through  an  aperture 
of  large  size.  Careful  examination  of  the  capsule  of  the  shoulder 
joint  showed  that  its  attachments  were  normal,  except  on  the  sub- 
acromial or  superior  aspect,  where  the  capsule  presented  an  arcuate 
free  border.  The  anterior  extremity  of  this  border  was  attached  to 
the  upper  part  of  the  lesser  tuberosity  of  the  humerus  :  the  posterior 
extremity  was  attached  to  the  humerus  immediately  above  the  inser- 
tion of  the  teres  minor  muscle,  external  to  the  articular  cartilage  on 
the  head  of  the  humerus.  The  distance  between  the  anterior  and 
posterior  extremities  of  the  arcuate  free  border  was  two  and  a  half 
inches.  Along  the  entire  length  of  this  arcuated  border,  the  cavity 
of  the  shoulder  joint  was  quite  open,  and  communicated  with  the  sub- 
acromial and  subdeltoid  bursa,  which  thus  became  a  direct  extension 
of  the  joint-cavity.  The  cartilage  was  present  on  a  large  area  of  the 
head  of  the  humerus,  but  from  the  bicipital  groove  of  the  humerus 
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backwards  to  the  insertion  of  the  teres  minor,  a  porcellaneous  deposit 
had  replaced  the  cartilage  and  filled  up  the  groove  of  the  anatomical 
neck,  and  had  modified  the  appearance  of  the  great  tuberosity.  The 
inferior  surface  of  the  acromion  process  was  also  smooth  and  somewhat 
hollowed  to  accommodate  the  part  of  the  humerus  just  described,  and 
on  this  surface  there  were  also  patches  of  porcellaneous  mateiial. 
The  part  of  the  acromion  process  with  which  the  humerus  articulated 
did  not  appear  to  be  covered  by  synovial  membrane. 

The  acromion  process  itself  next  attracted  attention.  It  consisted 
of  two  parts,  an  external  and  an  internal,  the  division  extending  across 
into  the  acromio-clavicular  joint,  and  strong  ligamentous  bauds  con- 
nected the  two  segments. 

The  external  portion  articulated  with  the  clavicle  on  its  inner 
border,  and  with  the  humerus  on  its  under  surface.  Moreover,  it 
was  joined  to  the  internal  portion  by  an  arthrodial  articulation,  the 
cavity  of  which  opened  into  the  acromio-clavicular  joint. 

The  subacromial  extension  of  the  synovial  lining  of  the  shoulder 
joint  did  not  extend  over  the  inferior  aspect  of  this  articulation. 

The  supraspinatus  muscle  was  inserted  into  the  upper  surface  of 
the  arcuate  portion  of  the  capsule,  and  not  into  the  humerus. 

The  infraspinatus  muscle  was  partly  inserted  into  the  posterior 
surface  of  the  arcuate  arrangement^  and  partly  into  the  humerus 
immediately  above  the  teres  minor,  by  a  small  tendon  which  pierced 
the  capsule.  The  teres  minor  muscle  was  inserted  into  its  usual  place 
on  the  posterior  aspect  of  the  great  tuberosity  of  the  humerus. 

The  subseapularis  muscle  had  the  usual  insertion,  subjacent  to 
which  there  was  a  bursa  communicating  with  the  interior  of  the 
shoulder  joint. 

The  long  head  of  the  biceps  had  its  usual  disposition,  but  the 
bicipital  groove  was  prolonged  above  the  articular  surface  of  the  head 
of  the  humerus,  which  was  also  grooved  by  the  long  tendon. 

On  the  superior  aspect  of  the  humerus  there  was  no  trace  of  an 
anatomical  neck,  and  the  convexity  of  the  articular  surface  was  con- 
tinued without  interruption  over  the  upper  part  of  the  bone.  In 
this  position  the  subdeltoid  bursa  gave  the  limit  of  the  joint-cavity, 
and  it  was  at  a  distance  of  one  inch  and  a  quarter  from  the  margin 
of  the  articular  cartilage. 

The  glenoid  cavity  did  not  present  any  deviation  from  normal 
appearances.  The  gleno-humeral  ligament  was  chiefly  under  cover 
of  the  posterior  part  of  the  arcuate  free  border  of  the  capsular  liga- 
ment. It  extended  from  the  upper  part  of  the  capsular  ligament  to 
the  head  of  the  humerus  immediately  internal  to  the  highest  point 
of  the  insertion  of  teres  minor.  The  anterior  border  of  this  ligament 
was  free,  but  its  posterior  border  remained  attached  to  the  capsule. 
The  small  slip  of  the  insertion  of  infraspinatus  which  was  directly 
inserted  into  the  humerus  pierced  the  capsule  superficial  to  the  gleno- 
humeral  ligament. 

The  synovial  membrane  was  everywhere  smooth  and  glistening, 
but  in  the  subacromial  region  it  presented  several  fringes. 

The   articulation  between  the  outer  and  inner  portions  of  the 
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acrofBiion  prooess  corresponded  to  the  poution  of  tbe  plate  of 
eartikge  between  its  two  oeatres  of  oeaifioatioii.  Hie  margins  of 
tlie  cavity  were  prominent,  and  they  were  joined  by  fibrooa  banda, 
except  on  the  inner  mde,  where  thia  joint-cayity  opened  into  that  of 
the  acromio-clavicular  ardoulatioa. 

Afber  these  observations  were  made  it  was  recalled  that  in  the 
earlier  stage  of  the  dissection  the  clavicle  was  seen  to  have  been  broken 
internal  to  the  conoid  ligament.  Union  between  the  fragments  had 
taken  place,  and  tiie  displacement  was  slight 

A  closely  corresponding  condition  was  found  in  t^e  opposite  shoulder 
joint,  but  the  clavicle  had  not  suflfered  fracture,  nor  did  the  acromion 
process  present  a  division  into  two  parts.  The  gl^ioid  ligament 
at  one  part  was  deformed  by  ossific  deposit. 

The  presence  of  practically  the  same  condition  of  the  shoulder 
joint  on  the  two  sides  of  the  body  eliminates  the  possibility  of  its 
having  been  produced  by  violence.  Probably  the  force  which  produced 
fracture  of  the  clavicle  also  led  to  diastesis  of  ihe  acromion  process, 
and  the  subsequent  formation  of  a  false  articular  cavity. 

The  appearances  in  the  two  shoulder  joints  are  doubtless  the  lesulfe 
of  pathological  processes.  The  large  size  of  the  subacromial  bursa ; 
the  separation  of  the  capsular  ligament  from  the  head  of  the  humerus ; 
the  rounded  appearance  of  the  head  of  the  humerus,  with  the  deposit 
of  porcellaneous  material ;  the  alteration  of  the  outline  of  the  articular 
cartilage,  and  the  formation  of  an  ossific  plate  in  the  glenoid  ligament, 
all  point  to  a  condition  of  otte<Hirtkrtt%s  rather  than  to  Charcot's 
disease  of  joints. 

On  the  other  hand,  under  the  term  osteo-arthritis,  Mansell  Moullin, 
in  his  text-book  of  surgery,  gives  a  figure  and  a  summary  of  appear^ 
ances  which  in  their  main  features  practically  correspond  with  those 
recorded  in  connection  with  the  present  specimens. 

A  discussion  followed,  in  which  Sir  W.  Turner,  Professor  Thane, 
Professor  Anderson,  Professor  Gumow,  Professor  Howes,  and  Mr 
Makins  took  part,  the  general  opinion  being  that  the  appearances 
indicated  pathological  changes. 

Mr  F.  6.  Paksons  demonstrated  mmie  points  in  the  Myology  of 
Rodents, 

{a)  Relation  of  ike  Pectoral  Muscles  to  the  Fannicultu  Camosvs. 

In  Rodents  the  panniculus  camosus  divides  into  two  layers  over 
the  ventral  surface  of  the  abdomen,  a  superficial  and  a  deep.  The 
superficial  layer  is,  as  a  rule,  not  very  well  marked,  but  is  peihapa 
best  seen  in  the  porcupine  and  guinea-pig :  the  fibres  run  forwards 
and  inwards  entirely  superficial  to  the  pectoral,  from  which  they  are 
not  separated  by  any  fascia.  The  fibres  are  lost  on  the  surface  of  the 
pectoral,  but  are  on  the  same  plane  as  the  platysma,  which  covers  the 
anterior  part  of  that  muscle. 

The  pectoral  muscles  in  Rodents  consist  of  a  sternal  and  an  abdomi- 
nal portion,  the  latter  rising  from  the  linea  alba  for  a  variable  distance, 
the  abdominal  fibres  pass  to  be  inserted  deep  to  the  sternal,  and  some 
of  the  highest  reach  the  coracoid  process  and  shoulder  capsule,  and  are 
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looked  upon  as  tbe  pMtoraliB  minor.  Tbe  deep  SbreB  of  the  panni- 
culufi  tu«  mach  more  stroDgly  marked  than  the  Buperficial  onea  :  they 
pou  in  the  lame  direction  forwards  and  inwards,  but  are  de^  to  the 
pectorals,  and  are  inserted  into  the  cartilages  of  tbe  posterior  true 
ribe  cloee  to  the  sternum  and  into  tbe  linea  dba.  The  moet  anterior 
fittra,  however,  of  the  deep  part  arch  over  Uw  floor  of  the  axilla,  and 


Fio.  1. — Dissection  of  GnioM-Pig,  nboiciiiK  Panoiculai. 

puss  between  the  Bt«mal  and  abdominal  fibres  of  tbe  pectoral,  to  be 
inserted  deep  to  the  former. 

Orer  thedoraum  both  layers  of  the  panuieulus  fuse  into  one,  cover- 
ing the  trapezius  and  latissimua  dorai. 

The  nenrous  supply  of  both  layera  of  the  ventral  portion  of  the 
panniculus  is  a  large  nerre  wbioh  comes  off  from  tbe  moet  posterior 
cord  of  the  plexuB,  the  cord  that  oorreeponds  to  tbe  internal  of 
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human  anBtomy  :  this  nerve,  which  maj  be  regarded  as  a  large  internal 
anterior  thoracic,  runs  backwards  deep  to  the  deep  layer  of  the  panni- 
cuius,  supplying  both  it  and  the  abdominal  and  posterior  sternal  fibres 
of  the  pectoraL  The  lateral  part  of  the  panniculus  seems  to  be 
Bupphed  by  the  lateral  cutaneous  branches  of  the  intercostal  nerves, 
but  it  is  difficult  to  be  sure  whether  they  actually  supply  the  muscle, 
or  only  pierce  it  on  their  way  to  the  skin. 

The  fact  of  the  abdominal  and  posterior  sternal  Gbrcs  of  the  pectoral 
being  sandwiched  in  between  two  layers  of  the  panniculus,  and  having 
a  bundle  of  fibres  of  that  muscle  passing  between  the  sternal  and 
abdominal  parts  of  it,  seems  difficult  to  explain,  except  by  regarding 
the  posterior  fibres  of  the  pectoralis  as  part  of  the  patmiculus  which 


TiQ,  %. — DisaectioD  of  Agond,  with  niperficial  portion  of  Fuwiculua  nmoT«i. 

has  acquired  bony  attachments  and  become  greatly  developed  owing 
to  the  value  of  the  direction  of  its  fibres  in  moving  the  humenis. 

This  view  is  borne  out  by  the  nerve-supply.  Again,  if  the  pectoral 
or  part  of  it  could  be  regarded  as  panniculus,  the  origin  of  the  stemalls 
would  be  less  obecure  ;  and  as  the  ventral  part  of  the  panniculus  is 
supplied  by  the  internal  anterior  thoracic,  one  would  expect  the  ster- 
nalis  to  be  supplied  by  that  nerve,  whether  it  be  regarded  as  a  part  of 
the  superficial  panniculus  or  of  the  pectoraL 

The  fibres  of  the  deep  layer  of  the  patmiculus  which  run  across  the 


ANATOMICAL  SOCIETY  OF  GREAT  BRITAIN  AND  IRELAND,    xiii 

axilla  to  between  the  sternal  and  abdominal  parts  of  the  pectoral  are 
probably  represented  in  Man  by  the  axillary  arches  or  achselbogen, 
and  as  they  come  ofif  from  the  antero  lateral  part  of  the  panniculus, 
their  nerve-supply  would  be  either  internal  anterior  thoracic,  or  a 
lateral  cutaneous  branch  such  as  the  intercosto-humeral. 

(b)  On  the  Adductor  Magnus  in  the  Agouti, — In  the  Agouti  the 
adductor  magnus  is  inserted  into  the  posterior  border  of  the  femur, 
but  is  not  continued  to  the  condyle,  nor  is  it  pierced  by  the  femoral 
artery,  which  is  altogether  in  front  of  it. 

A  well-marked  muscular  slip  from  the  semimembranosus,  which 
separates  from  that  muscle  soon  after  it  arises,  is  inserted  just  above 
the  internal  condyle,  and  the  artery  passes  between  it  and  the  adductor 
magnus. 

The  slip  is  supplied  by  the  great  sciatic,  while  the  adductor  magnus 
is  supplied  only  by  the  obturator.  This  arrangement  in  the  Agouti 
bears  out  the  statement  that  part  of  the  adductor  magnus  in  Man  is 
derived  from  the  ham-string  muscles. 

(c)  Double  Rectus  Capitis  Posticus  Major. — This  muscle  I  have 
found  divided  into  two  distinct  slips  on  three  occasions  in  the  guinea- 
pig,  but  in  no  other  rodent :  one  of  these  slips  was  superficial  and  the 
other  deep,  and  both  had  the  usual  attachments. 

The  subject  was  discussed  by  Sir  W.  Turner,  Messrs  Thomson, 
Cumow,  and  Thane. 

Mr  F.  C.  Abbott  showed  the  following  specimens : — 

(a)  Specimen  of  Right  Aortic  Arch,  from  a  dissecting-room  subject. 

The  arch  passes  first  upwards  and  to  the  right,  then  backwards 
and  to  the  left,  and  then  directly  to  the  left  in  front  of  the  spine, 
before  it  turns  downwards  at  the  descending  arch,  which  together 
with  the  descending  thoracic  aorta  is  in  the  usual  position  met  with 
in  the  case  of  a  left  arch. 

The  transverse  arch  thus  forms  a  curve  with  the  concavity  for- 
wards, in  which  lie  the  trachea  and  ossophagus,  the  highest  portion 
of  the  arch  reaching  the  level  of  the  lower  border  of  the  second  d.  v. 

The  order  of  the  vessels  arising  from  the  arch  is  left  carotid,  right 
carotid,  right  vertebral,  right  subclavian,  and  left  subclavian. 

The  left  carotid  arises  from  the  front  of  the  ascending  arch,  passing 
obliquely  upwards  and  to  the  left  in  front  of  the  trachea,  which  it 
crosses  at  the  level  of  the  1st  and  2nd  d.  v. 

The  right  carotid  arises  above  this  from  the  frant  of  the  arch,  at 
the  junction  of  the  ascending  and  transverse  portions,  pajssing  up  in 
front  of  the  vertebral  and  subclavian. 

The  right  vertebral  arises  from  the  upper  border  of  the  transverse 
arch,  close  to  but  separate  from  the  right  subclavian,  the  front  of 
which  it  crosses,  to  enter  the  transverse  process  of  the  5th  c.  v. 

The  right  subclavian  arises  from  the  upper  border  of  the  arch, 
slightly  to  the  right  of  the  mid-line,  and  turns  outwards  behind  the 
vertebral,  giving  off  the  superior  intercostal  as  its  first  branch. 

Finally,  the  left  subclavian  arises  from  the  upper  part  of  a  pouch 
which  is  present  at  the  front  of  the  arch  at  the  junction  of  the 
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tr&iiBverae  and  desoetidiDg  portions,  uid  which  ia  joiaed  below  by  the 
ductus  Arteriosus,  which  is  hirge  and  patent  in  the  outfir  part  of  itn 
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course,  but  oblit«rated  at  its  origin,  which  is  utusted  exactly  St  the 
bifurcation  of  the  pulmonary  artery. 
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The  poucb-like  dilatation  repreBents  the  posterior  root  of  the  4th 
left  aortic  arch,  and  is  crossed  by  the  left  vagus,  which  gives  off  the 
recurrent  laryngeal  beneath  the  ductus  arteriosus,  to  pass  up  between 
the  trachea  and  oesophagus. 

The  right  vagus  had  unfortunately  been  cut  away. 

The  left  vertebral  is  given  off  from  the  subclavian  in  the  usual 
position,  and  enters  the  6th  c.  v. 

Though  many  cases  of  right  aortic  arch  have  been  recorded  with 
the  order  of  the  four  large  vessels  the  same  as  in  the  specimen,  there 
is  only  one  other  on  record  in  which  the  right  vertebral  also  came 
separately  from  the  arch.^ 

(b)  Specimen  of  Left  Aortic  Arch,  vnth  abnormal  arrangernent  of 
the  Branches, 

The  arch  lies  in  the  usual  position,  but  is  somewhat  low,  the 
highest  point  being  on  the  level  of  the  upper  part  of  the  4th  d.  v. 
Arising  from  it  exactly  in  the  mid-plane  is  a  short  common  trunk,  which 
divides  after  a  course  of  |  an  inch  into  the  two  common  carotids.  From 
the  back  of  the  right  common  carotid,  about  1  inch  from  its  origin, 
arises  the  right  vertebral,  which  passes  up  to  enter  the  trans  ''erse 
process  of  the  5th  c.  v. 

Next  from  the  arch  arises  the  left  vertebral,  also  entering  the  5th 
c.  V. ;  close  to  this,  the  left  subclavian ;  and  lastly,  from  the  back  of 
the  arch,  the  right  subclavian,  which  proceeds  outwards  behind  the 
trachea  and  oesophagus  to  its  usual  position. 

This  specimen  is  almost  exactly  similar  to  one  shown  by  Mr  Gordon 
Brodie  before  the  Society  in  November  1888. 

(c)  Specimen  of  Pulmonary  Valve  vrith  4  Segm^ents, 

In  this  heart  the  only  abnormality  is  in  the  pulmonary  artery,  the 
valve  of  which  presents  4  segments.  Three  of  these  segments  are  of 
equal  size,  but  the  4th  is  distinctly  smaller,  and  presents  a  smaller 
pouch  behind  it.  This  segment  is  attached  to  that  part  of  the  wall 
of  the  artery  which  is  developed  from  the  septum,  and  not,  as  is  usually 
the  case,  to  the  external  part  of  the  wall. 

This  specimen  is  therefore  in  opposition  to  the  view  that  the  extra 
segment  is  developed  from  the  anterior  or  external  cushion  of  the 
four  from  which  both  the  pulmonary  and  aortic  valve  segments  are 
developed. 

Messrs  Stanley  Boyd,  Black,  and  Thane  made  some  remarks. 

Dr  HowDBN  exhibited  a  ?ieart  with  several  developmental  anomalies. 

Professor  Sherrington  gave  a  demonstration  of  the  sensory  nerve 
supply  of  the  hind  limb  of  Macacus  rh^jevus,  illustrated  by  lantern  slides. 

The  meeting  then  adjourned. 

1  By  Otto  in  1835.     Henle,  b.  iiL  p.  226. 
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The  Third  Quarterly  Meeting  of  the  Session  was  held  on  May  23  at 
King's  College,  London,  the  President,  Sir  William  Turner,  in  the 
chair.     Present — Twenty-seven  members  and  visitors. 

The  following  gentlemen  were  elected  members  of  the  Society : — 
T.  H.  Openshaw,  M.B.,  M.S.,  F.R.C.S.,  Demonstrator  of  Anatomy  at 
the  London  Hospital ;  E.  Cotterell,  F.R.C.S.,  Assistant  Demonstrator 
of  Anatomy  at  University  College,  London ;  A.  A.  Kanthack,  M.6., 
M.R.C.P.,  F.R.C.S.,  John  Lucas  Walker  Student  of  Pathology  at 
Cambridge. 

It  was  resolved  that  the  next  meeting  of  the  Society  be  held  in 
Edinburgh  on  Tuesday,  August  2,  one  day  prior  to  the  meeting  of 
the  British  Association  for  the  Advancement  of  Science,  in  that  city. 

Mr  J.  E.  Lanb  exhibited  a  sketch  of  the  right  subclavian  artery , 
running  an  abnormal  course  along  with  the  vein,  anterior  to  the 
scalenus  anticus. 

Mr  Bland  Sutton  showed,  under  the  microscope,  sections  from  the 
growing  antler  of  a  stag  (Cervus  elaphus\  which  demonstrated  that 
the  superficial  layer  of  the  velvet  is  skin,  and  that  the  hairs  which 
grow  from  it  are  furnished  with  sebaceous  glands.  Some  of  the 
glands  are  of  large  size. 

This  is  of  some  interest,  because  cysts  similar  to  wens  have  been 
found  on  deers'  antlers. 

The  President  remarked  that  many  years  ago  he  had  become 
possessed  of  the  head  of  a  roe-deer  presenting  striking  peculiarities. 
The  horns  were  clothed  with  a  thick,  greasy,  folded  integument,  the 
furrows  of  which  were  filled  with  a  collection  of  sebaceous  matter. 
The  horns  were  remarkably  hypertix>phied,  and  gave  rise  to  numerous 
dendritic  growths  of  bone.  He  had  seen  a  photograph  of  a  similar 
head  at  Heidelberg.  He  had  been  unable  to  ascertain  whether  the 
head  had  belonged  to  an  animal  which  had  been  castrate,  or  in  which 
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the  testis  hod  been  injured.  In  the  light  of  Mr  Sutton's  oommuDica- 
tion,  he  would  be  disposed  to  consider  the  abundant  fatty  matter 
occupying  the  furrows  between  the  skin-folds  as  due  to  the  secretion 


of  the  BebaceouB  glands,  which  had  persisted  along  with  the  tegu- 
mentary  covering  of  the  antlers. 

Mr  BiiAND  Sutton  read  the  following  paper  On  an  Oeeasional 
Artieidaivm  between  the  Cuboid  and  the  Head  of  the  AaragalM : — 

About  a  year  ago,  having  occasion  to  look  carefully  into  the  articu- 
lations of  the  taraal  bones,  I  came  acroes  a  skeleton  in  which  the 
cuboid  articulated  with  the  head  of  the  astragalus ;  on  investigating 
the  matter,  I  find  that  this  is  by  no  means  very  rare. 

Jutting  from  the  inferior  internal  angle  of  the  poet«rior  surface  of 
the  cuboid,  there  is  a  process  (sometimes  called  the  calcanear  procesa 
of  the  cuboid)  which  projects  beneath  the  sustentaculum  tali.  This 
process  occasionally  tenninates  in  a  rounded  facet,  and  comes  into 
contact  with  the  under  surface  of  the  head  of  the  astragalus. 

This  additional  facet  on  the  astragalus  is  situated  to  the  outer  side 
of  that  for  the  spring  ligament,  and  its  presence  modifies  the  outline 
of  the  cartilage-covered  area  of  the  head  of  this  bone,  not  only  by 
making  it  more  extensive,  but  by  filling  up  the  rectangular  fossa 
which  usually  exists  in  the  angle  formed  by  the  facets  for  the  sus- 
tentaculum and  the  spring  ligament.  I  have  been  unable  to  make 
out  that  this  articulation  depends  on  occupation,  or  upon  any  malfor- 
mation of  the  foot  or  leg.  In  the  first  example  in  which  I  detected  the 
condition,  the  variation  was  present  on  both  sides,  and  as  the  com- 
plete skeleton  was  at  my  disposal  it  enables  me  to  state  that  the 
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remaining  elementa  of  the  skeleton  were  natural  in  every  way.  An 
examioation  of  the  foot,  which  Professor  Stewart  has  been  good 
enough  to  accept  for  preservation  in  the  Uuseum  of  the  Rojal 
College  of  Sui^^hb  as  a  type  specimen  of  this  variation,  shows  that 
the  remaining  elements  present  nothing  unusual. 

Professor  Thahb  had  seen  a  tarsus  in  which  this  articulation  was 
present ;  and  Professor  Macalibtkb  had  seen  two  specimens  in  the 


dissectiug-room  at  Cambridge.  He  was  disposed  to  consider  the  con- 
dition a  rare  one,  as  he  had  not  discovered  a  single  instance  among 
the  numerous  skeletons  annually  procured  for  distribution  among 
the  students,  which  he  had  carefultj  looked  over. 

Dr  Alfred  Huohbs  showed  a  specimen  of  an  Unuiwd  form  of 
Abnormal  Obturator  Artery  arinng  from  the  Profunda  Femorii  almtg 
with  the  deep  Epigastrie  Artery.  This  artery  arose  in  Scarpa's 
triangle,  passed  obliquely  upwards  into  the  abdomen,  in  &ont  of  the 
crural  canal,  then  dipping  behind  the  pubes  to  reach  the  obturator 
foramca  As  the  artery  passed  into  the  abdomen,  it  lay  just  in  front 
of  a  point  which  would  be  occupied  by  the  neck  of  a  femoral  bemia, 
had  such  a  condition  existed. 

Dr  Hughes  showed  how  this  specimen  differed  very  markedly  from 
the  usual  forms  of  abnormal  obturator  artery,  and  that  the  condition 
mtut  be  very  rare,  as  he  had  failed  to  find  a  similar  case  recorded. 
The  only  specimen  presenting  any  great  similarity  to  this  was  de- 
scribed in  Green's  Varieties  in  the  Arterial  System,  1830,  where 
reference  is  made  to  a  cast  of  a  specimen  in  Dr  Macartney's  museum, 
in  which  the  normal  obturator  artery  was  absent,  but  in  which 
branches  ascended  from  the  profunda  artery  towards  the  obturator 
foramen.     Dr  Hughes  pointed  out  that,  as  these  vessels  did  not  enter 
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the  abdomen,  they  differed  very  markedly  from  the  atmormol  tcswIb 
shown  by  him. 

Profeasor  Macalibtir  stated  the  cast  referred  to  by  Dr  Hughes  ia 
now  unfortunately  miosing. 

Professor  Curnow  mentioned  that  the  arnuigement  shown  in  this 
specimen  must  be  very  rare.  In  Prof.  Wood's  book  on  Hernia  a  case 
is  described  in  which  the  obtur&tor  lutfiry  sprang  Irom  the  internal 
circumflex  of  the  profunda  femoris.  Prof.  Thane  referred  to  an 
instance  of  origin  from  the  internal  circumflex  not«d  by  Mr  Arthur 
ThomsoQ. 

Mr  A.  S.  GbUnbatjm  communicated  a  note  on  the  Embryonic  Bela- 
iioR  of  the  Fibula  to  the  Femur.  It  has  been  stated  by  Leboucq  and 
by  Bemays  that,  at  an  early  stage  of  development  in  the  human 
subject,  the  fibula,  as  well  as  the  tibia,  touches  the  femur ;  and 
Oegenbaur  mentions  the  some  thing  in  the  description  of  the  fibula 
in  his  Anatomie  de»  Menechen.    This  is  certainly  not  the  case  from 


Antero-poBterior  uctioDi  of  knet' joint, 
i-joint  1 
middle  of  fibala. 


(a)  Throiuh  knea-joiDt  >nd  (&)  Througb  kDm-joint  tud  out«r  «dge 


the  sixth  week  onwards,  and  before  that  time  it  is  impossible  to 
difierentiate  the  embryonic  tissue  and  say  which  portion  is  going  to 
become  fibula  and  which  femur.  The  two  figures  show  the  state  of 
things  in  the  seventh  and  ninth  week  respectively,  from  which  it 
appears  that  the  fibula  is  actually  further  away  from  the  femur  at 
the  earlier  date.  Morphologically  one  would  anticipate  a  contact 
between  the  two  bones ;  as  a  matter  of  fact,  it  appears  not  to  be  the 
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Professor  W.  Andbbson  read  a  paper  on  The  DeUmitation  of  tJie 
Regumg  of  the  Abdomeriy  which  will  be  found  in  exiemo  in  the  body  of 
the  Journal  of  Anatomy  and  Physiology,  p.  543. 

A  discussion  followed,  in  which  the  President,  Messrs  Macalister, 
Thane,  Symington,  Clement  Lucas,  Gumow,  and  Bland  Sutton  took 
port 

At  the  suggestion  of  the  President  the  subject  was  referred  to  a 
Ck)nmiittee,  to  consist  of  Prof.  Anderson,  Prof.  Cunningham,  Prof. 
Macalister,  Dr  Symington,  Prof.  Thane,  and  the  Honorary  Secretary 
ex  officio, 

Dr  Johnson  Symington  read  a  paper  on  The  ReHoHona  of  the 
Peritoneum  to  the  Descending  Colon  in  the  Human  Subject,  which  will 
be  found  in  exteneo  in  the  body  of  the  Journal  of  Anatomy  and 
Physiology,  p.  530. 

The  President  remarked  on  the  importance  of  having  a  clear 
notion  of  the  meaning  of  the  term  "  mesentery.''  Mere  laxity  of  the 
peritoneum  would  not  constitute  a  mesentery  unless  the  two  layers 
were  closely  apposed  to  each  other. 

Professor  Anderson  said  it  was  rare  to  meet  with  a  true  mesentery 
in  the  performance  of  colotomy.  The  relation  of  the  peritoneum  to 
the  descending  colon  varies  with  the  amount  of  distension  of  the  gut. 
Thus  in  the  dissecting-room  it  is  not  uncommon  to  meet  with  the 
two  layers  almost  in  contact  when  the  gut  is  collapsed,  but  when  a 
moderate  amount  of  distension  is  produced  by  injection  or  inflation, 
the  normal  arrangement  is  at  once  assumed. 

Professor  Thane  expressed  his  concurrence  with  the  views  enun- 
ciat'Cd  by  Dr  Symington  and  Prof.  Anderson  as  to  the  comparative 
rarity  of  a  true  mesentery. 

Dr  H.  D.  RoLLBSTON  gave  a  resume  of  a  paper  On  some  Points  in  the 
Anatomy  of  the  Supra-Renal  Capsules,  illustrating  the  same  by  pre- 
parations and  micAwcopio  sections.  The  paper  will  be  found  in 
extenso  in  the  body  of  the  Journal  of  Anatomy  and  Physiology, 
p.  648. 

Mr  R.  W.  MicHELL,  M.A.,  communicated  the  following  Note  on  the 
Topography  of  the  Rectum  : — 

The  English  text-books  of  human  anatomy  agree  in  describing  the 
course  of  the  rectum  and  its  relations  to  the  peritoneum  in  the  same, 
or  nearly  the  same,  way. 

They  either  tell  us  that  the  gut  passes  from  left  to  right  to  reach 
the  mid-line  of  the  sacrum,  and  then  follows  the  curve  of  that  bone, 
or  that  the  gut  passes  slightly  across  the  mid-line  to  the  right  side, 
then  turns  on  itself  and  reaches  the  mid-line  again  in  front  of  the 
body  of  the  3rd  sacral  vertebra,  from  which  point  it  follows  the 
curve  of  the  sacrum. 

They  also  tell  us  that  the  peritoneum  forms  a  meso-rectum  which 
is  complete,  short,  and  ties  the  rectum  firmly  in  one  or  other  of  the 
situations  above  described. 
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These  two  statements  seem  to  be  more  dogmatic  than  is  warranted 
by  the  evidence. 

If  a  large  number  of  rectums  be  examined,  a  considerable  variety 
in  the  position  of  the  gut  will  be  noticed. 

Those  rectums  which  are  distended,  especially  those  which  are  dis- 
tended before  death,  will,  for  the  most  part,  be  found  placed  so  much 
to  the  right  of  the  mid-line  of  the  sacrum  that  they  are  in  front  of 
the  right  internal  iliac  artery. 

Distension  seemingly  increases  the  bend  of  the  first  part  of  the 
rectum. 

Those  rectums  which  are  small  and  contracted  for  the  most  part 
do  not  pass  so  far  across  the  mid-line  to  the  right  as  those  do  which 
are  distended,  but  if  in  these  cases  the  gut  be  injected  with  hot- 
water  through  the  descending  colon  to  soften  the  surrounding  fat,  it 
will  be  observed  that  the  rectum  dilates,  and,  while  it  dilates,  changes 
its  position  for  one  more  on  the  right  side.  The  bend  of  the  first 
part  is  greatly  increased,  and  the  rectum  swings  or  slides  across  the 
front  of  the  sacrum.  The  movement  appears  to  be  either  a  swing  or 
a  slide. 

In  the  first  case  the  gut  moves  like  a  gate  on  its  post,  in  the 
second  it  does  not. 

When  some  of  the  rectums  were  examined,  they  were  found  to  be 
without  the  definite  meso-rectum  of  the  books ;  the  peritoneum  did 
not  cover  the  back  of  the  gut. 

These  cases  were  of  those  in  which  ante-mortem  distension  was  a 
feature.  This  seemingly  pointed  to  an  inverse  relationship  between 
the  presence  of  distension  and  the  presence  of  a  meso-rectum. 

To  try  whether  this  were  so  or  not,  the  pelvis  was  filled  with  water 
hot  enough  to  feel  warm  to  the  hand,  and  the  fat  was  thus  melted 
after  a  time. 

The  rectums  experimented  with  were  of  those  which  were  not 
distended  at  all,  or  very  slightly  so.  Hot-water  was  injected,  and  in 
very  many  cases  the  gut  slid  under  the  peritoneum  over  to  the  right 
side,  and  became  an  anterior  relation  to  the  right  internal  iliac  artery. 

About  the  time  that  these  observations  were  made.  Prof.  MacalLster 
made  a  transverse  section  of  a  frozen  body  in  which  the  rectum  and 
bladder  were  fully  distended  at  the  time  of  death  with  fasces  and 
unne  respectively.  In  this  specimen  the  rectum  extended  to  the 
right  of  the  mid-line,  and  the  right  internal  iliac  artery  had  a  posterior 
relation  to  it. 

Further  evidence  in  favour  of  the  view  that  a  distended  rectum 
crosses  farther  to  the  right  than  does  any  undistended  one  is  seen  in 
the  following  numbers  deduced  from  my  observation.  Number  of 
bodies  examined,  116  :  number  of  times  the  gut  was  in  front  of  the 
right  internal  iliac  artery,  75. 

Some  of  these  were  noted  because  the  dextral  extension  of  the  gut 
was  a  marked  feature,  but  many  were  taken  at  random.  No  record 
has  been  kept  of  the  numbers  of  each  class,  so  the  percentage  is 
probably  higher  than  it  would  have  been  had  this  feature  been  sought 
in  all  bodies.     The  results  of  later  experience  point  to  the  proportion 
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being  larger  than  75  out  of  116,  and  to  the  sliding  of  the  rectum  as 
distinguished  from  its  swingmg  being  its  most  frequent  manner  of  pass- 
ing across  to  the  right. 

Mr  C.  DuDLBY  CooPBR  (introduced  by  Prof.  Thane)  showed  the 
SkuU  of  an  Aboriginal  Australian,  which  had  been  found  as  part  of  a 
complete  skeleton  at  Williamstown,  Victoria. 

The  capacity  of  the  skull  was  1500  cc,  which  was  greater  than 
any  recorded  by  Prof.  Flower  ^  by  40  cc,  and  far  above  his  aver- 
age of  1298  cc.  for  32  skulls  examined.  The  average  given  by 
MM.  de  Quatrefages  and  Hamy^  is  1269  cc,  and  1230  cc.  by  Sir 
William  Turner,^  based  on  an  examination  of  34  skulls.  The  latter, 
however,  mentions  the  skull  of  a  male  from  Port  Curtis,  Queensland, 
whose  cranial  capacity  was  1514  cc. 

The  teeth  were  in  a  very  good  state  of  preservation,  and,  except  for 
the  right  upper  central  incisor,  all  were  present. 

The  crowns  of  the  teeth  of  the  molar  and  premolar  series  were  very 
much  ground  down,  as  were  also,  but  to  a  lesser  degree,  the  canines 
and  incisors. 

The  degree  of  usure  of  the  teeth  corresponded  to  No.  3  of  Broca's  ^ 
scale. 

When  the  lower  jaw  was  articulated  with  the  upper,  it  was  seen 
that  in  accordance  with  the  observation  of  Sir  William  Turner,^  the 
two  sets  of  incisors  were  in  contact  by  their  free  cutting  edges. 

That  the  crowns  of  the  corresponding  teeth  of  the  upper  and  lower 
jaws  in  the  majority  of  Australian  skulls  were  not  in  the  same  vertical 
plane,  was  well  borne  out  by  the  specimen  shown.  In  this  skull  the 
crown  of  the  lower  wisdom-tooth  projected  somewhat  behind  the 
upper  wisdom.  The  second  molars  were  in  almost  a  vertical  plane, 
but  the  remaining  molar  and  premolar  teeth  of  the  lower  jaw  were 
situated  slightly  in  front  of  the  corresponding  upper  teeth. 

The  alveolar  or  gnathic  index  was  103*8  mm.,  slightly  above 
Prof.  Flower's  mean  of  103*6  for  51  specimens  examined.  The 
skull  therefore  belonged  to  the  prognathous  group. 

The  mean  gnathic  index  in  Sir  William  Turner's  specimens  was 
100*3  mm.,  making  the  average  mesognatbic  Two  specimens,  how- 
ever, had  the  high  gnathic  indices  of  108. 

The  width  of  the  upper  dentary  arcade,  between  the  first  molar  teeth, 
was  67  mm.,  the  maximum  of  Sir  William  Turner's  measurements  of 
18  skulls  being  66  mm.  The  width  taken  between  the  second  molars 
was  72  muL,  being  slightly  below  the  73  mm.  maximum  of  Turner.^ 
Between  the  wisdom-teeth  the  width  of  the  arcade  was  70  mm.. 
Turner's  maximum  measurement  in  the  same  situation  being  75  mm. 
The  width  of  the  lower  dentary  arcade,  taken  between  the  first  molar 
teeth,  was  61  mm..  Turner's  maximum  being  63  mm. 

^  Catalogue  of  Musewm^  Hoyal  College  of  Surgeons,  Part  I.,  Man. 

^  Crania  Ethniea. 

^  Voyage  of  H,M.S,  Challengtr — Report  on  the  Human  Crania, 

*  Instructions  eraniologigites  et  craniomitriques. 

*  Jour.  ofAnaJt,  and  Phys.,  July  1891.  •  Ibid, 
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Opposite  the  second  molars  the  width  was  66  mm.,  as  compared 
with  69  of  Turner's,  and  between  the  two  lower  wisdoms  the  width 
was  70  mm.,  Turner's  maximum  of  11  skulls  measured  exceeding  it 
by  2  mm. 

The  measurements  showed  that  the  upper  jaw  exceeded  the  lower 
in  width  between  the  first  molars  by  6  mm.,  Turner's  average 
measurement  in  the  same  situation  being  5  mm. 

Between  the  second  molars,  the  excess  of  the  upper  over  the  lower 
jaw  was  also  6  nun.,  4  mm.  being  Turner's  average  excess. 

The  antero-posterior  measurement  of  the  crowns  of  the  molar  and 
premolar  teeth  was,  in  the  upper  jaw  on  the  right  side,  51  mm. ;  on 
the  left,  49 ;  giving  an  average  of  50  mm.,  being  very  close  upon 
Turner's  maximum  of  51  mm. 

In  the  lower  jaw  the  meaaurements  were  on  the  right  side  53  mm., 
on  the  left  side  53  mm..  Turner's  maximum  being  56  mm.  The  ex- 
cess of  the  lower  antero-posterior  diameter  over  the  upper  was  3  mm., 
exactly  the  same  as  Turner's  average  excess,  both  for  Australians  and 
Europeans. 

The  antero-posterior  measurement  of  the  true  molar  series  gave  in 
the  upper  jaw  on  the  right  side  34  mm.,  on  the  left  33  mm.,  being  an 
average  of  33*5,  somewhat  below  Turner's  maximum  of  36  mm. 

In  the  lower  jaw  on  the  right  side  the  antero-posterior  diameter 
was  38  mm.,  and  on  the  left  side  38  mm.,  as  compared  with  40  mm. 
maximum  of  Sir  William  Turner. 

The  excess  of  lower  over  upper  jaw  in  the  antero-posterior  diameter 
of  crowns  of  the  true  molar  teeth  was  4*5  mm..  Turner's  average  ex- 
cess being  2*8,  and  his  maximum  excess  being  5  mm. 

Other  measurements  (all  of  which  were  taken  with  the  help  of  Pro- 
fessor Thane)  were : — 

Dental  index  of  Flower,  47*1  mm. 

Symphysial  angle,  .         100* 

Mandibular  angle,  .         120* 

Mr  A.  EiGHHOLZ,  B.A.,  communicated  a  paper  on  a  Racial  Varia- 
tion in  the  Length  of  the  Palate  Process  of  the  Maxilla.  The  paper  is 
printed  inextenso  at  p.  538  of  the  Journal  of  Anatomy  and  Physiology, 
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